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To His Honour, 


The Lieutenant-Governor of Ontario: 


In accordance with the request of the Legislature of 1907, the 
undersigned Commissioners appointed by your Honour by Commis- 
sion bearing date the 7th day of June, 1906, beg leave to submit the 
following report, as their report on the cost of power production 
through the agency of producer gas plants and other prime movers 
under conditions obtaining in the Province of Ontario. 

Your Commissioners have made enquiries and obtained informa- 
tion from various sources, and the information obtained has been 
given freely to members of the engineering staff engaged upon the 
work, who have had instructions to go into the matter thoroughly 
and whose report has been made as complete as possible. 

Your Commissioners have not given the names of their inform- 
ants, but have used the knowledge and facts so acquired for the pro- 
duction of the results which they have now the honour to report. 

The detailed tabulated and technical information has been tabu- 
lated and arranged by the Consulting Engineer employed by your 
Commissioners and approved by the Chief Engineer employed by 
your Commissioners, and the report of the Assistant Engineers em- 
ployed by your Commissioners with reference to various producer 
gas plants throughout this country and the United States is sub- 
mitted as an appendix hereto. 

All of which is respectfully submitted, 


(Sed. ) ADAM BECK, 
| Chairman, 
JNO. S. HENDRIE, 
W. K. McNavuecur. 
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Honourable Adam Beck, 
Chairman of the Hydro-Electric Power Commission: 


DEAR SIR :— 


Herewith please find the report on the cost of power production 
through the agency of producer gas plants and other prime moyers 
under the conditions obtaining in the Province of Ontario. 

The report deals more especially with the production of power 
through this prime mover and the results of tests obtained by our 
Engineers on individual plants. 

Si Yours respectfully, 


(Sed. ) P. W. SoTHMAN, 


Chief Engineer. 
Toronto, March 2nd, 1908. 


PART I. 


In. preparing this Report on the cost of power in the Province 
of Ontario, two considerations have led to the needs and requirements 
of the small consumer being specially kept in view. Firstly: Because 
as a whole, the small consumers probably use a larger amount of 
power than any other class of power users; and secondly, because 
every large power proposition is a problem in itself, and is therefore 
unsuited to the treatment necessary in a general report. 


In considering this Report, it should be borne in mind that power 
is as much a manufactured commodity as any of the articles usually 
so described, and that the real cost of power to the consumer includes 
the cost of the raw material, an allowance to cover the cost of the 
machinery used in its manufacture, the cost of the labor expended on 
it, as well as the cost of transporting the power from the point at 
which the finished product is turned out (viz., at the engine shatt as 
B.H.P.), to the place where it is used. 


This being a report on the costs of generating power, the costs 
shown in these estimates do not provide for its transmission, and the 
question of transmission is only referred to in order that a correct 
conclusion may be reached when the costs of power manufactured by 
the prime movers here considered are compared with the cost of 
other power, such as Hydro-Electrie power, which includes in its 
price the cost of transmitting it and delivering it: in a form suitable 
for use or further transmission. 


The capital costs of the power installations as shown in these Capital - 
estimates are believed to be fair average costs applicable to power ©ts. 
installations for manufacturing purposes, and the working expenses 
for an installation which is efficiently maintained, supervised and 
operated. The necessary plant to produce the power specified in some 
cases could doubtless be obtained at a less capital cost, but the result 
would usually be a less reliable service and greater operating cost. 

On the other hand a more reliable service and a smaller operating 
eost could be obtained by a larger capital eepen dure and consequent - 
increase in the fixed charges. 


The choice of plant to be installed for power pectiuctign and the 


Fixed 
charges. 
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cost of installing and operating it depends on local conditions to an 
extent which makes it impossible to provide a general estimate which 
is likely to satisfactorily meet any specific proposition. The type of 
plant will differ with the situation in which it has to be installed, 
with the work required of it as well as the conditions under which 
the work has to be done. Price of fuel, price of labor, facility of 
water supply will also have a definite bearing on the plant chosen and 
for the same type the capital costs will vary according to the excel- 
lence and completeness of the plant installed, and these will- again 
have an influence on working costs. The most expensive type of 
plant to install is a pressure or down draft producer gas plant,* fol- 
lowed in order of cost by suction gas plants,* steam plants, oil engines 
for use of kerosene oil, and gasoline engines; the cheapest being a gas 
engine for use with natural or illuminating gas. 


The capital cost per B.H.P. installed will vary with the size of 
unit employed, larger units of the same type costing less per B.H.P. 
than smaller units. Generally speaking the units should be installed 
in the largest sizes that will admit of individual engines working at 
high load factors both to save in the capital cost of the unit itself and 
also in accessories such as land, buildings, boilers and condensing 
plant. These large units work more economically than smaller ones, 
and there is a saving not only in capital costs, but in fixed charges 
and working expenses. 

Good quality in the plant will increase capital costs and conse- 
quently interest charges, but the total of the fixed charges will not be 
materially altered on this account as the increased interest charges 
will be compensated for by the less rate of depreciation and less cost 
of repairs, and in addition the user will obtain a more reliable service. 
The saving due to good quality of the plant will principally appear in 
the working charges owing to the smaller consumption of fuel and 
water, and less labor required. 3 

The items taken to make up the fixed charges on the plant have 
probably been placed at a lower figure than conservative practice 
would dictate. It is doubtful if money to meet capital expenditure 
could to-day be obtained at 5% and so far as depreciation on pro- 
ducers and gas engines is concerned they have not been in existence 
long enough to enable a definite opinion to be given. In the estimates 
their depreciation has been figured as that of a steam engine and 
boiler, although it is quite common practice to figure depreciation 1% 


*(NOTE.—Producer gas plants are comparatively new, and their costs have 
latterly been materially reduced, and there remains the possibility of some further 
reduction in this direction.) 
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higher in the case of gas plants, than in the case of equivalent steam, 
plants. Qn the other hand it is doubtful if many power users, par- 
ticularly small power users, have any change made in the amount of 
their insurance or assessment, on account of their plant, although an 
allowance for such has been included under fixed charges in the 
estimates. 

Working expenses consist principally of the cost of labor and 
fuel. In the case of small plants which do not require the whole of 
one man’s time, it is impossible to make a general allowance for labor 
costs which will satisfy all cases, and, as in small plants of some types 
the cost of labor is the largest item in the cost of power, the choice of 
the type of plant to install will largely rest.on the arrangements that 
can be made to employ the spare time of the attendant on other work. 

In the estimates, for installations of small units, it has been con- 
sidered that some such arrangement can be made and only the part 
time of an attendant has been charged to power production. If, how- 
ever, the power user’s circumstances are such that the time of the 
attendant cannot be divided between the plant and other work and 
the whole of his wages have to be charged to power production, the 
cost of power will considerably exceed that given in the estimate. It 
is partly for these reasons that in small plants the cost of power pro- 
duced by gas, gasoline or oil engines is less than steam and producer 
gas plants which, although they work with less fuel costs, require 
more labor, which more than offsets the saving in fuel. 

In large plants the position is reversed and the cost of fuel be- 
comes more important than the cost of labor and the proper choice of 
fuel for use in the plant is essential for economic working, and with 
some types, particularly producer gas plants, it is essential to work- 
ing at all. Although the value of coal to a power user depends on the 
heat units it contains it is seldom that this point is considered in 
purchasing it. Experiments recently made show that a steam plant 
required 3.66 lbs. of a coal averaging 13,621 heat units per pound to 
produce an electrical horse power hour, while an expenditure of 5.08 
Ibs. of a coal averaging 11,151 heat units per pound was required to 
produce a similar result in the same plant working under slightly 
more favorable conditions. 

Where coal is brought from a considerable distance, as it is in 
Ontario, it is usually advisable to use the grade of coal having the 
largest heat value per pound. At the mine the difference in heat 
values of two otherwise similar grades of coal may enable the mine 
~ owner to sell the coal having the largest heat value at a higher price, 
but the principal factor in the cost of coal to the user is the cost of 
transportation, and the difference in cost at the mine is only a small 


Working 
expenses. 


Fuel 
costs. 
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fraction of the total cost when delivered, therefore the question of the 
heat value of the coal used as well as the price becomes important in 
selecting the grade, and merits more attention than is usually bestowed 
on it. | 

A comparison of the relative costs of producing power by the 
agency of various prime movers is often made on the basis of: fuel 
costs only and usually on the assumption that the power plant will 
have an engine load factor of 100%. Such comparisons are usually 
misleading and always unworthy of consideration by a power user 
who desires to obtain his power service at the least total cost. 


Many small plants designed to have a low fuel consumption are 
so expensive in first cost or require so much labor to operate, that a 
cheaper and simpler plant will produce power at a less total cost, 
although its fuel costs are comparatively large. 


For example, a workshop requiring 10 B.H.P. as a maximum 
and working 10 hours a day with an average engine load factor of 
50% will get its power for about 4.07 cts. per B.H.P. hour with a suc- 
tion gas*plant and 3.53 cts. per B.H.P. hour with a gas engine using 
illuminating gas, although the cost of coal for the suction gas plant 
would only be 0.42 cts against a cost of 2.25 cts. for the illuminating 
gas used in the gas engine. With a larger plant the conditions might 
be reversed. Thus if the above workshop required 30 B.H.P. as a 
maximum under the same conditions of load, the suction gas plant 
would deliver a B.H.P. hour at a total cost of 2.25 ets. against 2.82 cts. 
for an engine using illuminating gas, although the fuel cost would 
remain about the same, viz., 0.39 cts. and 2.03 cts. respectively. From 
this it will be seen that general statements regarding the cost of fuel 
for a particular type are not a sufficient basis on which to determine 
the plant to use. (Note Figures taken from Tables on Pages 35 and 
74 et seq.) , | 

The estimated costs of power, although comparable among them- 
selves, being all on the same basis are not directly comparable with 
the cost of electric power sold on a meter basis. The cost of electric 
_power at the meter or other point of delivery includes also the cost of 
transformation from brake horse-power to electrical horse-power 
and the cost of its transmission. 


Therefore, in comparing the cost of power at the engine shaft, 
as given in the estimates, with electric power, bought as such, an 
addition to the cost per B.H.P. must be made to obtain the equivalent 
value of an E.H.P. This addition will usually be about 15%, as for 
this amount the power user eould.: install the necessary electrical 
machinery and turn out his power in the form of electricity. 
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Unfortunately there is often a confusion of ideas which leads 
the power user to credit electricity, as a means of obtaining power, 
with the advantages which rightly belong to electricity, as a means 
of transmitting power. | 

-- It is commonly stated that, owing to the saving of transmission 
losses in the shafts and belting, electric power will reduce the total 
power consumption of a factory to one-half the power required with 
steam power, and the conclusion is drawn that the power user would 
be justified in paying nearly twice as much per E.H.P. hour for 
electric power as he would per B.H.P. for steam power. 

This conclusion is in no way justified. If the power user installed 
a single electric motor to take the place of his steam engine, the power 
loss in the factory on account of transmission through the shafts and 
belts would remain the same, and the electric motor in delivering the 
same B.H.P. as the steam engine would require a greater E.H.P. at 
the meter, and would be more expensive. There is, therefore, no sav- 
ing to the power user in using electric power where steam, gas or 
other power costs about the same, unless he alters his method of trans- 
mitting and using the power. . 

Should he wish to obtain the advantages of electricity for the 
transmission of the power in his factory and avoid the losses due to 
belts and shafting, he can do so by installing an electric generator 
in his own engine room, driven by his own engine, and obtain the 


Savings 
in trans- 
mission, 


same saving in transmission that he would obtain with bought electric | 


power. An electric horse power obtained from his own plant would 
then cost him about 15% more than a B.H.P. similarly obtained, and, 
therefore, he is only justified in paying about 15% more for an E.H.P. 
than a B.H.P. instead of double, as often claimed. 

This point is of considerable importance in discussing compara- 
tive power costs and cannot be neglected without vitiating the con- 
clusions reached. 

The cost of power has been calculated on the basis of a year of 
3,000 working hours equivalent to 300 days of 10 hours each, and a 
year of 6,600 working hours equivalent to 300 days of 22 hours each, 
-and for the plant working at various load factors. The year of 3,000 
hours may be taken to represent fairly accurately the conditions in the 
average factory working from 7 a.m. to 6 p.m. with a noon interval of 
an hour. 

The year of 6,600 hours will represent approximately the condi- 
tions obtaining in a factory which works day and night. The actual 
cost of power given in the estimate will usually be found low when 
compared with any specific proposition, because for the purpose of 
calculation it has been necessary to assume that there is the same load 


Time 
power 
is used. 
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on the machinery day and night; a condition that could obtain in but 
few cases. Furthermore, no allowance has been made for spare 
machinery in the estimates. This, in nearly every case, would be a 
necessity in order to prevent the inconvenience and loss that would 
be incurred from shut downs if it were attempted to run the plant 
for 24 hours a day, and the fixed charges on this spare plant would 
materially increase the cost of power as given in the estimates. 


H= CO bo 


eh 
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DEFINITIONS. 


A watt is the amount of electrical power which is pro- 
duced by one ampere flowing for one second at a pressure of 
one volt. 


. One kilowatt — 1,000 watts — 1.34 horse power. 
. One horse power = 746 watts = .746 kilowatts. 
. A British thermal unit is the amount of heat energy neces- 


sary to raise one pound of water one degree Fahrenheit. 


. One horse power developed for one hour will raise 2,545 lbs. 


of water one degree Fahrenheit = 2,545 B.T.U. 


. One kilowatt (1.34 horse power) will in one hour raise 3,412 


pounds of water one degree Fahrenheit = 3,412 B.T.U. 


. A theoretical horse power is the amount of energy expended in 


moving a body one foot in one second against a resisting 
force of 550 pounds. 


. An indicated horse power (I.H.P.) is a measure of the work 


done in the cylinder of an engine. 

A brake horse power (B.H.P.) is a measure of the energy 
delivered at the fiy-wheel of an engine. For a given speed 
and a given load the brake horse power of an engine is less 
than the indicated horse power by the number of horse 
powers required to drive the engine without external load 
at the given speed, and with the same pressures on- the 
guides, bearings, ete. 


10. An electrical horse power (E.H.P.) is a measure of the energy 


delivered to the conducting wires by an electrical generator 
or to an electric motor by the conducting wires. If the gener- 
ator be driven by an engine, then for a given load and a 
given speed, the electrical horse power of the generator will 
be less than the brake horse power of the engine by the num- 
ber of horse powers lost in the coupling between -engine and 
generator, and in the generator itself. 


EXxAMpLe: A gas engine which will develop 500 brake horse power 


is belted to an electrical generator. If the losses in the belt 
and generator amounted to 60 horse power the combination 
will develop 500 minus 60440 electrical horse power. If 


the annual charges on this plant were 10,000 dollars, then 
the annual cost of one brake horse power would be oo 
— $20. On the basis of electrical horse power the annual 


cost of one horse power would be a == $22.12. 
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PRODUCER GAS PLANTS. 


. General Discussion. 


. National Board of Underwriters’ Rules for Producer Gas 


Installations. 


. British Factory Act Regulations re Producer Gas. 


. Estimates of the cost of installing and working Producer 


Gas plants. 


. Tabulated data concerning plants working on Producer 


Gas. 
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PART IL 


PRODUCER GAS PLANTS. 
1. GENERAL DISCUSSION. 


In Ontario the field for producer gas plants for power production pyteni 
purposes will be found largely in those industries which do not use of use. 
steam for heating or industrial purposes and which require power 
in medium quantities or require gas for brazing, annealing or temper- 
ing, or which have to work under drastic smoke nuisance by-laws. 
Within these somewhat narrow limits natural gas and hydro-electric 
power are likely to be its only serious competitors. From the power 
users’ point of view, the saving in capital cost, reliability of operation, 
and simplicity of working obtainable from natural gas or hydro- 
electric power will allow these to enter into effective competition with 
producer plants, even when the cost of power so obtained is in excess 
of the cost of power developed by means of producer gas. 

The situation of Ontario with regard to its coal supply and the 
present state of the art of designing producers for use with ordinary 
bituminous coal render it probable, for a considerable time to come, 
_ that the demand for producer gas plants will be met by the suction 

type using anthracite coal. Pressure or down-draft producers using 
bituminous coal are in successful operation in many places where it 
has been economically advisable to install them owing to the wide 
margin that obtains between the price of anthracite and bituminous 
coal or the very large size of the plant making the recovery of by- 
products from the gasification of bituminous coal profitable. These 
producers for bituminous coal are more complicated than suction pro- 
ducers and, requiring a steam boiler working under pressure, combine 
many of the objectionable features of steam plants with those of gas 
plants. These types use considerably more fuel than suction plants 
to accomplish the same useful work, require more supervision, and give 
less reliable service. To compensate for these disadvantages requires 
a greater margin between the cost of anthracite and bituminous coal 
than usually obtains in Ontario. In the future pressure and down draft 
producers will probably obtain their fullest development either in 
utilizing low grade fuels too poor in quality to be burnt under a boiler 
and too low in heat value to bear the cost of distant transportation 
in competition with better grade coals, or in countries where coal and 
wood are expensive and the only source of power. That is to say, 
under conditions which do not and are not likely to obtain in Ontario. 


Suction 
producers. 


Comparison 
with 

steam 
engine. 
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Pressure and down-draft producers, using the smaller sizes of 
anthracite, such as buckwheat and rice are in operation, and make a 
gas more suitable for use in an engine than those using bituminous 
coal, but the other objections to the use of these producers remain. 

For instance, the National Board of Fire Underwriters require 
all pressure producer plants to be installed in a separate building, 
but this rule-does not apply to suction producer plants until they are 
250 H.P. and over. 

Suction producers can be worked on anthracite of pea size as 
usually sold in Ontario, and this grade has been used for the purposes 
of estimate. As it appears there is no standard specification for this 
grade of anthracite; the pea grade of some coal operators may be no 
better than smaller sized grades of other operators, and care must be 
taken that the pea grade of the local market is of suitable size and 
cleanness or the suction plant will not operate satisfactorily. 

Good quality coke or charcoal will give as satisfactory a service 
as anthracite in suction producers, but will probably require 15% to 
20% more by weight and a consequent increase in capital costs due 
to the larger producer required. 

The principal merits of producer gas for power production are a 
small fuel consumption and for the present the absence of restrictive 
regulations such as apply to steam plants, and in some special cases the 
absence of smoke in working. The absence of restrictive regulations is 
not so much due to the inherent safety of this type of plant as to the 
lack of data on which to frame satisfactory regulations. The increasing 
number of accidents due to the poisonous and insidious nature of the 
gas generated is, however, leading to the formation and enforcement of 
such regulations, and with the increasing number of plants brought 
into use it is altogether probable that in time a trained and certified 
attendant will be as necessary in a gas plant as he now is in a steam 
plant. 
Compared with the steam engine or the electric motor the gas 
engine and, indeed, all internal combustion engines have the serious 
defect of having practically no capacity to take overloads or loads 
above their economic rating. A steam engine and an electric motor 
can be designed to run most economically at a certain loading, and to 


Norr.—An exception to the statement that a suction: producer using anthracite 
:s most suitable for use in Ontario may be made in the case of a manufacturer who 
has wood scrap as waste from his factory.. It may so happen that this waste can- 
not be advantageously sold and is insufficient in quantity to produce the necessary. 
power if burnt under a boiler. In such a case a producer using wood instead of. 
coal might enable him to obtain his power from his waste product. Producers 
using wood instead of coal can be satisfactorily operated, but are not in general 
use as under ordinary circumstances coal is sufficiently cheap to displace wood. 
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take care of considerably greater loads for long periods of time, 
although at a lessened efficiency, which enables variable loads and 
over-loads to be handled with economy and a. satisfactory service 
maintained. With the gas or any internal combustion engine its 
-economic load is practically its maximum load, and its capacity to 
handle over-loads. is very small. It therefore follows that with vari- 
able loads a gas engine has to have a capacity sufficient to handle 
maximum loads, although running the greater part of the time at an 
uneconomic Roading: 

Thus in a plant having an average load of 100 B. i. ee but occa- 
sionally reaching a maximum of 125 B.H.P., a steam eave of 100 
B.H.P. would suffice, whereas a gas engine of 125 B.H.P. would be 
required to handle it satisfactorily. Ifa gas engine of 100 B.H.P. was 
installed to deal with a load of this sort, it would stop when the 
maximum load came on. This basic difference in the two types of 
engines should not be overlooked in comparing them. For non-fluctu- 
ating loads such as pumping into a reservoir they are fairly compar- 
able on the basis of the power developed at their economic loading, 
but on a rapidly fluctuating load such as obtains in street railway 
work a gas engine of 125 or possibly 150 B.H.P. rating would be 
required to handle the same work that a 100 B.H.P. steam engine could 
- easily take care of. 

Similar to this inability of the gas.engine to satisfactorily handle he ey 
over-loads is its inability to start under a load, a failing which handi- ™ 
eaps it considerably for certain classes of work, such as textile mill 
work, if the engine is connected directly to the chatting. 

In many gas plants difficulties in starting, either from the engine 
refusing to start at all or starting in a backward direction, are 
so frequent as to cause considerable annoyance. The neglect of minor 
repairs and adjustments which in a steam engine would only result 
in a larger coal consumption while it. continued to give the required 
service will in the case of a gas engine result in the engine refusing to 
work at all, a result which will also occur in producer plants if inat- 
tention to the producer causes any considerable variation in the qual- 
ity of gas produced. 

A considerable number of producer gas plants have been installed 
which have failed to give satisfaction and which in some eases: have 
been superseded by steam plants or electric power. These failures 
are usually due to one of the following causes :— : 


operation. 


1, “The power consumer being persuaded to install a producer 
gas plant where this type is unsuited to the conditions of 
working. | 
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2. Failure of the selling agents to have the plant properly erected 
and satisfactorily put to work before handing it over to the 
purchaser. . . 

3. Failure of the selling agents and purchaser to arrange to have 
the attendant properly trained to work the producer plant 
before he is left in charge. It is practically impossible for 
an untrained man to run a producer plant, satisfactorily. 

4. Failure to obtain a suitable grade of coal for use in the pro- 
ducer. . 

5. The power user often buys the cheapest plant offered without 
reference to its reliability or efficiency, or he attempts to run 
his plant on the cheapest coal or with the cheapest labor. 

6. Companies with no experience in producer or gas engine work 
take contracts for installing plant which they have never 
before manufactured or experimented with. Their experi- 
ments are then carried on at the expense of the purchaser, 
usually to his dissatisfaction. 


Although the producer gas plant has not been long in commercial 
existence in this country as compared with other prime movers, there is 
no reason to anticipate that satisfactory results cannot be obtained with 
it where it is used within its proper limits. To insure these results, it is 
necessary that a producer plant be suited to the conditions under 
which it works, that the type is selected and the plant installed under 
the supervision of a competent person independent of the selling 
agents and that a trained man be placed in charge of it. 

Almost every case of unsatisfactory service can be traced to a 
failure to observe one or the other of these rules. Unfortunately 
these requirements are more often more honored in breach than in 
observance and in practice the result is that producer gas plants have 
not substantiated the claims which their advocates have made for them. 

A power user to-day would not be justified in investing in a pro- 
ducer gas plant unless the estimated saving in the total cost of power 
was sufficient to compensate him for an unreliable service. The pro- 
ducer gas plant compared to the steam plant is new, and the later 
plants give a more reliable service than the original types, so 
that in the future it may be anticipated that a type of producer gas 
plant will be evolved which will admit of comparison with the steam 
engine or electric motor on the basis of reliability under ordinary 
working conditions. An examination of a large number of plants for 
the purpose of this report has shown that the average reliability of the 
producer gas plant at present is not sufficient to admit of any com- 
parison with that of the steam engine or electric motor. 
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2. REGULATIONS OF THE NATIONAL BOARD OF UNDERWRITERS IN REGARD 
TO THE INSTALLATION AND OPERATION OF PRODUCER-GAS PLANTS. 


1. Pressure Systems.—All pressure systems must be located in 
a special building or buildings approved for the purpose and at such 
_ distance from other buildings as not to constitute an exposure thereto. 


2. Suction SystemMs.—(a) A suction gas-producer of approved 
make, having a maximum capacity not exceeding 250 h.p., may be 
located inside the building, provided the apparatus for producing 
and preparing the gas is installed in a separate, enclosed, well-ven- 
tilated, fire-proof room, with standard doors at all communicating 
openings. 

The installation of gas-producers in cellars, basements, or any 
other places where artificial light will be necessary for their opera- 
tion, is considered hazardous, and will not be permitted except by 
special permission of the underwriters having jurisdiction. 


(b) The smoke and vent-pipe shall, where practicable, be car- 
ried above the roof of the building in which the apparatus is con- 
tained, and adjoining buildings, and when buildings are too high to 
make this practicable, the pipe shall end at least ten feet from any 
wall. Such smoke or vent-pipes shall not pass through floors, roofs, 
or partitions, nor shall they, under any circumstances, be connected 
into chimneys or flues. 


(c) Platforms used in connection with generators must be of 
metal. Metal cans must be used for ashes. 


(d) The producer and apparatus connected therewith shall be 
safely set on a solidly built foundation of brick, stone or cement. 


(e) While the plant is not in operation the connection between 
the generator and scrubber must be closed, and the connection be- 
tween the producer and vent-pipe opened, so that the products of 
eombustion ean be carried into the open air. This must be accom- 
plished by means of a mechanical arrangement which will prevent 
one operation without. the other. 


(f) The producer must have sufficient mechanical strength to 
successfully resist all strains to which it will be subjected in practice. 


(g) Wire gauze, not larger than sixty mesh or its equivalent, 
must be used in the test-pipe outlet in the engine-room. 
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(h) If illuminating or other pressure gas is used as an alterna- 
tive supply, the connections must be so arranged as to make the mix- 
ing of the two gases, or the use of both at the same time impossible. 


(1) Before making repairs which involve opening the gas pas- 
sages to the air, the producer-fire must be drawn and quenched, and 
all combustible gas blown out of the apparatus through the vent- -pipe. 


(j) The opening for admitting fuel shall be provided with some ° 
charging device so that no considerable quantity of air can be ad- 
mitted while charging. 


(k) The apparatus must have name-plate giving the name of the 
device, capacity, and name of maker. 
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3. British Factory Act REGULATIONS RE PRODUCER GAS— 
INSTALLATIONS. 


Form 827. 
NOVEMBER, 1907. 


FACTORY AND WORKSHOP ACT, 1901. 


MEMORANDUM 
AS TO THE 


USE OF WATER GAS AND OTHER GASES IN FACTORIES. 


CARBONIC OXIDE POISONING. 


- In recent: years there has been great extension of the manufac- 
ture and use of water gas and other gases of a similar nature (Dow- 
son gas, Mond gas, Power gas, Producer gas, Blast furnace gas, Suc- 
tion gas, ete.) for heating furnaces and boilers in factories, driving 
gas engines, welding, soldering, and many other industrial purposes. 
The particular danger associated with all these gases is that of poison- 
ing by carbonic oxide (carbon monoxide, CO), which is also a con- 
stituent of ordinary coal gas. But whereas the proportion in coal 
gas varies from 4 to 12 per cent., in carburetted water gas it reaches 
30 per cent., and in uncarburetted water gas 50 per cent. The other 
gases named above usually contain from 10 to 25 per cent. 

The use of these gases was the subject of an inquiry in 1899 by 
a Departmental Committee,* who recommended in their report that 
the manufacture and distribution for heating and lighting purposes 
of any poisonous gas which does not contain a distinct and pungent 
smell should be prohibited, and that regulations should be made limit- 
ing the proportion of carbonic oxide. In recent Acts authorizing 
companies and local authorities to manufacture and supply Mond or 
similar gas for motive or heating purposes it is required that (1) the 
gas shall be strongly scented, and (2) either the quantity of car- 
bonie oxide in the gas shall be limited to 14 per cent., or, when not so 
limited, the Secretary of State may impose such regulations as may 
be deemed necessary to protect against the risk of poisoning. It is 


* Report of Water Gas Committee, 1899, on the Manufacture and Use of Gases 
containing a large proportion of Carbonic Oxide. -C. 9164. Wyman & Sons, Ltd., 
Fetter Lane, E.C. Price, 1s. 2d.; by post, Is. 5d. - 
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made the duty of His Majesty’s Inspectors of Factories to enforce 
these provisions as regards factories and workshops to which the gas 
is distributed. 

The annual reports of the Factory Department during the seven 
years, 1899 to 1905, contain references to at least 108 cases, including 
35 deaths, of poisoning by carbonic cxide on manufacturing premises. 
Of these 57 with 18 deaths have been reported in the last two years. 
This list does not include the slight cases of partial unconsciousness 
of which there is mention, entailing only a few hours’ absence from 
work. These casualties were traced to several causes, among which 
may be mentioned :—(1) Leakage from joints or taps in pipes or flues 
conveying gas; (2) Gradual escape of gas into a small engine-room, 
weigh cabin, office, or the syphon-pit of the Dowson apparatus; (3) 
Cleaning and repairing of engines and of tanks, scrubbers, or blast 
furnace flues, before a sufficient time had been allowed for the gas to 
escape; (4) Inefficient disconnection from the blast furnace of the 
flue during cleaning; (5) Charging cupola furnaces at raised plat- 
forms; (6) Underground situation of flues and percolation of gas 
through several yards of soil; (7) Conveyance by the wind of gas 
escaping from defective reservoirs, or of waste gas allowed to blow 
off unburnt, through ventilators and open windows into workrooms 
at some distance from the gas generating plant; (8), Incomplete 
combustion of gas in defective gas ironing machines; (9) Ignorance 
of danger and of the earliest symptoms produced; (10) Inodorous 
nature of the gas; (11) Working alone; (12) Lack of rescue ap- 
pliances. 

Carbonic oxide poisoning may occur in other ways without in- 
halation of the particular gases named. Thus danger of this kind 
may arise in laundries from the use of gas irons, and in workrooms 
from defective gas fittings (especially absence of stop-pins or other 
applianees indicating the cutting off of gas) and from gas stoves, 
when no provision is made for the products of combustion to be ear- 
ried away by a flue or chimney. The absence of a chimney in a room 
greatly increases the risk. Carbonic oxide is found also in lime 
kilns, cement works (see p. 32), and where braziers and coke fires are 
used in confined spaces. 

Symptoms of carbonic oxide poisoning begin with throbbing of 
the blood vessels of the head, giddiness, palpitation of the heart and 
weakness of the limbs. These became greatly aggravated after any 
exertion. Owing to their insidious onset and the cumulative effect 
of the gas the weakness of the limbs may come on without attracting 
notice, so that the person affected is unable to make good his escape 
from the poisonous atmosphere. 
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Headache, anaemia, and defective nutrition may result from the 
long continued breathing of the gas in amount too small to produce 
immediate effects, such as might occur from defective gas fittings in 
work rooms. 

The appropriate remedies for poisoning by carbonic oxide are— 
fresh air, artificial respiration, administration of oxygen and the ap- 
plication of warmth. 

Preventive measures.—The precautionary measures to be con- 
sidered must vary somewhat according to the different manner in 
which the gas is manufactured and used in one and another factory, 
but the following are of general application :— 


1. Notices should be posted up stating the deadly nature of the 
gas, the symptoms produced by its inhalation, and the best 
means of rendering aid to those who are “‘gassed.’’* 


2. Persons in charge of any engine worked by the gas, or of any 
apparatus in which it is stored, or otherwise exposed to risk 
of inhaling carbonic oxide, should be free from any disease 
of the heart or lungs. Employers would do well to cause 
stich persons to be examined and certified by a medical man. 


3. No person should be allowed single-handed to execute work in 
places where exposure to the gas is to be anticipated. 


4. No engine in which the gas is used should be in a confined 
space. 


5. A competent and responsible person should, at stated intervals, 

inspect all valves and connections, to see that there is no 

escape of gas; and a signed record with the dates of such 
inspections should be kept. 


6. The openings giving access to any part of the gas circuit 
should be few, and in positions as safe as possible, and opened 
only in cases of real need and by responsible persons. 


7 No workman should enter, or approach when opened, the 
holder or other part of the gas circuit until the gas has been 
well flushed out by fresh air. 


8. A cylinder of compressed oxygen, fitted with a piece of rubber 
gas-tubing and a mouthpiece, should be kept in constant 
readiness. Such cylinders can be obtained fitted also with a 
reducing valve. 


* See p. 30, where a form of such notice has been drawn up. 
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9. Medical aid should be summoned immediately, but in view of 
the importance of losing no time in commencing treatment, 
the workmen employed should be instructed by a medical 
man in the manner of administering the oxygen and of per- 
forming artificial respiration. They should be especially 
warned of the danger of exposing the patient to cold. 


Respirators of the usual type designed to protect the wearer 
against inhalation of dust are of no avail as a protection ag ae car- 
bonie oxide poisoning. 

When for purposes of rescue it becomes necessary to enter an 
atmosphere charged with the gas, the rescuer must protect himself 
by tying a rope securely round his waist, the free end being held by 
persons outside, or, preferably, by the use of one or other of the 
special rescue appliances designed for such work. The principle 
underlying them is that the rescuer is made to breathe air, or a mix- 
ture of air and oxygen, which renders him independent of the poison- 
ous atmosphere immediately surrounding him. Such appliances are 
now kept in many chemical works, ete., and prominence has been 
given recently to certain types which, as in the Courrieres mining 
disaster, have proved their utility. 

In towns where the public gas supply is largely charged with 
water gas, attention to gas fittings in factories and workshops becomes 
a matter of increased moment. 


The following notice which has been drawn up by the Power Gas 
Corporation, Ltd., in consulation with the Medical Inspector of Fac- 


tories, to be posted up near the place where danger arises, may serve ~ 


as a model :— 
DANGER OF GASSING. 


Breathing of producer gas should be avoided. It is dangerous 
when breathed in quantity. 

The first.symptoms produced by breathing the gas are giddiness, 
weakness in the legs and palpitation of the heart. 

If a man feels these symptoms, he should at once move into fresh, 
warm air, when in slight cases they will quickly disappear. 

Exposure to cold should be avoided as it aggravates the 
Symptoms. : 

A man should not walk home too soon after recovery, as muscular 
exertion after exposure to the gas is to be avoided. 

If a man should be found insensible or seriously ill from the gas, 
he should at once be removed into fresh warm air, and immediate 
information be sent to the oxygen administrator, a medical man being 
sent for at the same time. : 
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No man should work alone on any work which would be hkely 
to involve exposure to the gas. Should the nature of the work cause 
the man to enter a culvert or hole, he should have a rope tied securely 

round his waist, held at the other end by his mate standing outside. 


USE OF THE OXYGEN CYLINDER. 


The cylinder should be provided with a lever key, nipple and 
union, together with a rubber tube at the end of which is a mouth- 
piece. It is also advisable to have a small pressure gauge attached to 
the eylinder so that loss of oxygen may be observed and the cylinder 
kept in working order. 

Open the valve gradually by inate the lever key (fully 
extended.) with the wrist until the oxygen flows in a gentle stream 
- from the mouthpiece in the patient’s mouth, and allow the oxygen to 
be breathed until relief is obtained. The lips should not be closed 
round the mouthpiece, as it is important to allow free egress for 
surplus oxygen. The nostrils should be closed during inspiration or 
inflation of the lungs, and opened during expiration or deflation of 
the lungs, so that the oxygen may be inhaled as pure as possible 
through the mouth. 

If the teeth are set, close the lips and one nostril. Let the conical 
end of the mouthpiece slightly enter the other nostril during inspira- 
tion and remove it for expiration. 


ARTIFICAL RESPIRATION. 


Artificial respiration is sometimes necessary in addition to the 
oxygen inhalation if the oxygen does not appear to act quickly. 

Place the patient on his back, shghtly raising the shoulders with 
a folded coat; remove everything tight about the chest and neck; 
draw the tongue forward and maintain it in that position. Grasp 
the arms just above the elbows, and draw them steadily above the 
head, keeping them on the stretch for two-.seconds and then folding 
them and pressing them against the chest for the same length of time. 
Repeat these movements about fifteen times a minute for at least half 
an hour, or until natural breathing has been initiated, when the 
oxygen inhalation alone will suffice. : 

After recovery oxygen inhalation at intervals should be continued 
as desired. : 

Further detail may be needed in connection with particular 
branches of industry. Thus when one of a range of boilers in the 
firing of which waste blast furnace gas is used has to be disconnected 
for internal scaling and flue cleaning, the most necessary precautions 
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are that (1) the gas valve be shut as tight as possible and bolted in 
that position; (2) a special shutter should be used with its edges 
well cemented with wet clay to catch any possible leakage from the 
main valve; and (3) a man should always be stationed outside the | 
boiler to give alarm in the event of no sound or answer coming from 
those inside. 

In consequence of the constant danger of carbonic oxide poison- 
ing in cement works, the Associated Portland Cement Manufacturers, 
Limited, have adopted the following notice in addition to somewhat 
similar instructions, to those given above :— : 

Regular inspection of kilns must be made on opening after being 
burnt off to see that they are safe for men to work in. 

Under normal conditions the kiln is partly and sometimes drawn 
entirely before the chamber is coo! enough to enter to clear for re- 
loading, and inspection must cover safety, not only as to heat, but as 
to gases. The eye in front of kiln and back eye of chamber must be 
opened when drawing is commenced, and entrance to chamber must 
be made cautiously. Should there be the slightest indication of gas, 
a paper torch must be thrown into the kiln and seen to burn out 
properly before work therein is commenced. If after several attempts 
it is clearly shown that a paper torch will not burn freely, the men 
must not be allowed to enter, and the matter must be at once reported 
to the manager. This applies more particularly where there is a kiln 
burning next to one that is being drawn, but in any case the dampers 
of the kiln being drawn must be down tight, and precautions taken 
generally to see that fumes from a burning kiln on the same flue can- 
not get back into a kiln in which men are at work, and thus applies 
not only to the work of clearing or drawing, but to repair or any kind 
of work done in or about kilns. 

In the case of a kiln which has lain cold for a long period, all the 
above-named precautions must be observed, and, in addition, before 
men enter the pan or chamber, the drawing eye of the kiln must be 
opened, and thoroughly freed below so that the air may pass into the 
charge. Employees are especially warned against adopting the means 
employed by many persons ignorant of the first principles of resusci- 
tation, viz., placing men on their faces with mouth over a hole in the 
ground. All such means are strictly forbidden. The administration of 
stimulants in any form is most dangerous, and is also strictly for- 
bidden. 

(Sed.) B. A. WHITELEGGE, 
Chief Inspector of Factories. 
Head Office, November, 1907. 
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ESTIMATES SHOWING THE COSTS OF INSTALLING AND 
WORKING SUCTION PRODUCER GAS PLANTS. 


Norte 1. The estimates are not for plant of any particular make, but 
represent the average cost of plant suitable for manufac- 
turing purposes. No spare plant has been allowed. 


2. Working costs have been based on the assumption of fairly 
steady loads and intelligent supervision. If the load fluc- 
tuates, fuel combustion and costs will increase, even 
though the average load remains the same. Unless skilled 
attendance is provided.working costs will be considerably 
increased. 


3. Fire insurance regulations will largely affect the cost of 
installing the plant and the cost of the buildings required. 
The costs given for these items will probably be found low 
for large towns. 


4. Coal having about 13,500 B.T.U. per lb. has been assumed. 
Coal of a lesser heat value will require a larger quantity 
per B.H.P. hour, with a probable increased cost. 


5. In plants of medium size or above it generally will be advis- 
~ able to install two or more small units rather than one 
large one capable of taking the whole load. 


6. Although units as large as 500 B.H.P. can be obtained and. 
are working with suction producers and are therefore here 
estimated for, their use should not be decided on without 
very careful consideration. 
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SUCTION PRODUCER GAS PLANTS. 
Size of Unit Installed in B. H. P. 


CAPITAL Cost. 


10 30 B50 100 300 500 
Plant, Engine, Producers, 
CLC Has ees Pic eee 1)! $1,300.00 | $2,100.00 | $3,200.00 | $6,200.00 |$18,500.00 $27,600.00 
Installation and Accessor- 
ICS ne ee ee ee ee 234.00 378 .00 546 .00 930.00 2,600.00 3;312.00 
(1+2) Totar Cap. Cost 
FOR MACHINERY. (3)| $1,534.00 | $2,478.00 | $3,746.00 | $7,130.00 |$21,100.00 $30,912.00 
Engine Foundations....(4)| $ 33.00 | $ 100.00 | $ 160.00 | $ 300.00 | $ 850.00 | $1,250.00 
Building woe Storage, 
Land, etc.. : (5) 300.00 450.00 600.00 800.00 2,000.00 3,000.00 
(4+5) ToTALFOR BUILD- 
INIGSE tei wico (6)| $333.00 $550 .00 $760.00 | $1,100.00 | $2,850.00 | $4,250.00 
(+6) GrRanpd TorTa.L 
Capita Costs.. .(7)| $1,867.00 | $3,028.00 | $4,506.00 | $8,230.00 |$23,950.00 $35,162.00 
Capital Costs per B.H.P...| $186.70 $100.93 $90.12 $82.30 $79.83 $70.32 
FIXED CHARGES. 
Bere? sORsUNIT. 10 30 50 100 300 500 
Int. on Capital invested, 
mh Pe oa yee ye $ 93.35 $151.40 $225 500 $411.50 | $1,197.50 | $1,758.10 
Dep. on Machinery, 6%.. 92.04 148 .68 224.76 427.80 | 1,266.00 | 1,854.72 
Dep. on Buildings, 2%. 6.66 11.00 15.20 2 OeOOmE DanOO 85.00 
Fire Ins. 1%, Taxes 14%; ' : 
otal, 2E7G a. = 2's 46.67 USO 112.65 205.75 598.75 879.05 
Repairs on Buildings, 2%.. 6.66 11.00 15.20 22.00 57.00 85.00 
ToTAL FixED CHARGES| $245.38 $397.78 $593.11 | $1,089.05 | $3,176.25 | $4,661.87 
Working Expenses. 
MAINTENANCE AND REPAIRS ON MACHINERY. 
Year of 3,000 Hours...... Ase0).Grs $49.56 $74.92 $142.60 J $422 .00 | $618 . 24 
Year of 6,600 Hours...... 61.36 99.12 149.84 285.20 | 844.00 | 1,236.48 
ATTENDANCE. 
Year of 3,000 Hours...... $260.00 $350.00 $400.00 $600.00 | $1,000.00 | $1,200.00 
Year of 6,600 Hours... ... 520.00 700.00 800.00 | 1,200.00 | 2,000.00 | 2,400.00 
Cost oF ANTHRACITE COAL PER B.H.P. Hour; aT $5.00 PER 2,000 Las. DELIVERED. 
100% 1.25 lbs 1:15 Tbs: 1.05 lbs 1.00 Ibs. 1.00 lbs. 1.00 lbs. 
Ave. load on En- BuOe .29c. .26c. 220C% a2 OCe AS. 
ewan 50, sorte 7507 1.45 lbs 1.33 lbs 1-25 lips 1.15 lbs 1.15 lbs. Jala ibs: 
ee een 0 .36c. .33c. .3l1c. .29¢. - .29¢c. 29¢. 
orth 50%| 1-70.Ibs 1.55 lbs 1.40 lbs 1.35 Ibs 1.35 Ibs. | 1.35 Ibs. 
¢ .42c. .39c. 35c. .34c. .o4c. .34c. 
Cost oF LuBRICATING OIL, WASTE AND SUNDRIES, PER B.H.P. Hour. 
Ave. load on En- ( 100% .06c. .06c. .05c. .05c. .05c. wO5c. 
gine in % of; 75% RO Ge O%Ce .06c. ‘06c. | nUGCE .06c. 
rated capacity 50% .08c. .08c. nOZCe RO Mer .07c. SOT. 
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" SUCTION PRODUCER GAS PLANTS—Continued, 


YEARLY Costs, ENGINE RUNNING 100% RaTep Capacity, YEAR oF 3,000 Hours, 


T_T 


B.H.P. or Unit. 10 30 50 100 300 500 


Fixed Charges. .....%...2. $ 245.38 | $ 397.78 | $ 593.11 | $1,089.05 | $3,176.25 | $4,661.87 
Maintenance and Repairs 

on Machinery......... 30.68 49.56 74.92 142.60 422.00 618.24 
Attendance. =. 6. sc. ev 260.00 350.00 400.00 600.00 | 1,000.00 1,200.00 
io ee: ee ee Se Ee SO ae 93 .00 261.00 390.00 750.00 | 2,250.00 3,750.00 
oS Waste and Sundries. . 18.00 54.00 75.00 150.00 450.00 750.00 


| |S  ———_ | | | 


- Torat Cost PER Year| $647.06 | $1,112.34 | $1,533.03 | $2,731.65. | $7,298.25 |$10,980.11 
Cost per Year per B.H.P. 


of Average Demand... $64.70 $37.08 $30.66 $27 .32 $24 .33 $21.96 
Cent Cents. Cents. Cent Cent: Cent 
Cost per B.H.P. Hour.... 216° 1.23 1.02 “OL. “BL. “73 
Cost per Year per B.H.P. 
of Rated Capacity..... $64.70 $37 .08 $30.66 ‘All gah $24 .33 $21.86 


YEARLY Costs, ENGINE RUNNING 100% RaTED CAPACITY, YEAR OF 6,600 Hours. 


Fixed Charges...........| $ 245.38 | $ 397.78 | $ 593.11 | $1,089.05 | $3,176.25 | $4,661.87 
Maintenance and Repairs 

on Machinery......... 61.36 99.12 149.84 285.20 844.00 1,236.48 
PNGECHGAIICE «iis tc ee we ano 520.00 700.00 800.00 | 1,200.00 2,000.00 2,400.00 
CDSG eeeibaes Aine eee ene 204.60 574.20 858.00 | 1,650.00 4,950.00 8,250.00 
Oil, Waste and Sundries. . 39.60 118.80 165.00 330.00 990.00 1,650.00 


ToTaL Cost PER YEAR| $1,070.94 | $1,889.90 | $2,565.95 | $4,554.25 |$11,960.25 |$18,198.35 
Cost per Year per B.H. P. 


of Average Demand . $107.09 $63 .00 $51.32 $45 . 54 $39.87 $36.40 
‘Cents. Cents. Cents. Cents. Cents. Cents. 
Gostiper B =n. Hour. >. ; 1.62 .95 Cavs: .69 .60 0 
Cost per Year per B.H.P. 
of Rated Capacity..... $107.09 $63.00 $51.32 $45.54 $39.87 $36.40 


YEARLY Costs, ENGINE RUNNING 75% RATED CapaciTy, 3,000 Hours PER YEAR. 


B.H.P. or UNIT. 10 30 50 100 300 500 
Bixed Charges: pmun,. ts $245.38 | $ 397.78 | $ 593.11 | $1,089.05 | 43,176.25 | $4,661.87 
Maintenance and Repairs 

on Machinery.......... 30.68 49.56 74.92 142.60 422 .00 618 .24 
PAE ECTIGATIGO A aves @ sels os 260 .00 350.00 400 .00 600.00 | 1,000.00 1,200.00 
(CVG A ae ee Seiad ER aR cere 81.00 22 aehO 348.75 630.00 | 1 957.50 3,262.50 
Oil, Waste and Sundries... iar, 75 A7.25 67.50 135.00 "405.00 675.00 


ToTaL Cost PER YEAR| $632.81 | $1,067.34 | $1,484.28 | $2,596.65 | $6,960.75 |$10,417.61 
Cost per Year per B.H.P. 


of Average Demand . ~ $84.37 $47 .43 $39.58 $34.62 $30.94 $27.43 
Cents. Cents. Cents. Cents. Cents. Cents. 
Cost per B.H.P. Hour.... eo 1.58 1.30 a galis: 102 .96 


Cost per Year per B.H.P. 
of Retell Capacity ees. - $63 .28 $35.58 $29.68 $25.96 $22.20 $20.61 


Beer ee ea eS ee 
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SUCTION PRODUCER GAS PLANTS—Continued. 


Hydro-Electric Power Commission. 


YEARLY Costs, ENGINE RUNNING 75% RaTEp Capacity, 6,600 Hours PER YEAR. 


Fixed Charges F 
Maintenance and Repairs 

on Machinery 
Attendance (2 Shifts) 
COalLR ee Res esa sae 
Oil, Waste and Sundries... 


see ew enee 


TorTaL Cost PER YEAR 
Cost per Year per B.H.P. 
of Average Demand... 
Cost-per B.HP> Hour. = 


Cost per Year per B.H.P. 
of Rated Capacity 


$245 .38 


61.36 
520.00 
178.20 

34.65 


$1,039.59 


| $138.61 


Cents. 
PEO 


$103 .96 


' 


$593 .11 


149.84 
800 .00 
767.25 
148.50 


$2,458 . 70 


$65.56 


Cents. 
.99 


$49.17 


$1,089 .05 


285.20 
1,200.00 
1,386.00 

297 .00 


$4,257 .25 


$56 . 76 


Cents. 
.86 


$42.57 


$3,176.25 
844.00 
2,000.00 
4,306.50 
891.00 


$11,217.75 
$49.85 
Cents. 
.76 


$37.39 


$16,960.85 


$4,661.87 
1,236.48 
2,400.00 


7,177.50 
1,485.00 


$45.22 


Cents. 
.69 


$33.92 


YEARLY Costs, ENGINE RUNNING 50% RATED CapaciTy, 3,000 Hours PER YEAR. 


B-H.P. or UNIT. 


Fixed Charges 
Maintenance and Repairs 
. on Machinery 

Attendance 
Coal. 


Oil, Waste and Sundries. .| 


ToTAL CosT PER YEAR 


Cost per Year per B.H.P. 
of Average Demand ... 


Cost pembeHce Hour... 


Cost per Year per B.H.P. 
of Rated Capacity 


10 


30 


$ 397.78 


49 .56 
350.00 
175.50 

36.00 


Cents. 
2.24 


$33 .63 


$1,008 . 84 


$67 . 26 


50 100 
$ 593.11 | $1,089.05 
74.92 142.60 
400.00 600 .00 
262.50 510.00 
5200 105.00 
$1,383.03 | $2,446.65 
EROO NOL $48 .93 
Cents. Cents. 
1.84 1.63 
$27 .68 $24.47 


300 


$3,176. 
422. 
1,000. 
1,530. 
315. 


$6,443. 
$42 .96 
Cents. 
1.43 


$21.48 


500 


$4,661. 
618. 
1,200. 
2,550. 
525. 


$9,555. 


$38. 


YEARLY Costs, ENGINE WoRKING 50% RaTEpD Capacity, 6,600 Hours PER YEAR. 


Breed! @hargestemn nce 
Maintenance and Repairs 

on Machinery 
Attendance 
Coal Miter ee eae Lars ce 
Oil, Waste and Sundries.. 


see ere eee 


TOTAL CosT PER YEAR 
Cost per Year per B.H.P. 
of Average Demand ... 
Cost per B- Hees Hour... 


Cost per Year per B.H.P. 
of Rated Capacity 


ceeee 


$245 .38 


61.36 
520.00 
138 .60 

26.40 


$991.74 


$198 .34 


Cents. 
S2OL 


$99.17 


$ 397. 


LS 
700. 
386. 

79. 


78 


12 
00 
10 
20 


20 


$110.82 
Cents. 


$55.41 


$1,662. 


1.68 


$ 593.11 


149.84 
800 .00 
577.50 
115.50 


$2,235.95 


$89 .46 


Cents. 


$44.73 


1.35 


$1,089. 


285. 
1,200. 
1,122.00 

231.00 


$3,927. 


05 


20 
00 


25 
$78 .54 
Cents. 
1.19 


$39.27 


$3,176.25 


844.00 
2,000.00 
3,366.00 

693.00 


$10,079.25 


$67.12 


Cents. 
O02 


$33.56 


$4,661.87 


1,236.48 
2,400.00 
5,610.00 
1,155.00 


$15,063.35 


$60.25 


Cents. 
91 


$30.12 
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APPROXIMATE ALTERATION IN THE YEARLY COST PER AVERAGE B.H.P. DUE TO A 
CHANGE IN THE PRICE OF COAL OF 10 CENTS PER TON. 


(It is assumed that the coal in each case will have the same heating value.) 


Note 1.—To obtain the cost per B.H.P. hour due to a changed price of coal, correct the yearly 
cost per average B.H.P. as necessary, and divide by the number of working hours in the year. 


NoTeE 2.—To obtain the yearly cost per B.H.P. of rated capacity due to a changed price of coal, 
correct the yearly cost per average B.H.P. as necessary, and multiply by the load factor the plant 
is working on. 


B. HP. or PLANT. Loap Factor. Gh tint ae ae 
100% ' $0.19 $0.41 
NOOR ol) 8 9 Sg gs SE AB ok ea iar ar 75% .22 .49 
50% 25 .00 
( 100% 17 .37 
BORD. bs P..; 4 75% 20 .44 
{ 50% 23 .49 
100% 16 84 
te tte Poy cntbe sS mae eae 4 tt Spy 75% 19 41 
50% 21 .46 
100% 15 33 
OOD) Sie Sh Ss aie sara a 75% 17 37 
50% 20 45 
f 100% 15 .33 
Pome etd ts ru fs 75% 17 37 
50% 20 45 
{ 100% 15 33 
Ce eS bE ie a a ar ne Crea 75% 17 37 
( 50% 20 45 


Na qu 
2 ieee deren si Tie ky aly 


SN opr Dhetie 1 ec aie Pi ep le a i ee 


Ite Sty 3 PACE’ es és Pent 2% bh v 


TABULATED STATISTICS RELATING TO TWENTY-EIGHT PRODUCER GAS PLANTS VISITED BY THE COMMISSION'S ENGINEERS. 
b Note.—The data given is believed to correctly represent present-day results and has been based on information supplied by the firms using thé plant. No attempt has been made to check this information. 


Iso | 


Bets 


IPPC 
Re as 


£ 
8 


HAP EAR 
sans 
iene 


. 


38a 


Boia clcck 


.E..P.C. 
Producer Gas Plants, Reference Number of Plant..... D G 15 19 18 Peake 8 9 5 H c 17 
Total Capacity B.H.P. Reasons thoes ? 40 45 50 50 50 60 110 140 160 86 75 
‘ . { 1x 50 } 1x60 } 1 
Pr Glee Unk, DP icetascers<scestedacesronse+eseo]) | 1X13 ? 1x40 1x45 1x50 1x60 1x50 1x60 1x 60 1x80 1x 100 ? 1x75 
? Te Ce ae Sy ee el es eel a eae ee ae ee oe oe a ee Bo 
Type of Producer... 5 Suction Suction ? Suction Suction Suction Suction Suction Suction Suction | Pressure Suction 2 ? Suction " 
Location of Plant......-.++-++ Ontario | Canada Canada | Canada U.S.A. U.S.A. U.S.A. Ontario USA. U.S.A. U.S.A. Canada Canada U.S.A. One 
? ? $10.00 ? ? $15.20 Not known | $12.00 | $36 ? ‘sii00 
$130.00 ? $70.00 $89.00 $118.00* ? $64.00 $100.00* $73.00 $135" ? [$62.00 
.|Incl. in Plant] $23.40 | Incl. in Plant/Incl, in Plant! ? ? $10.92 Incl. in Plant] Incl. Incl. ? [$030 | ; 
$164.00 i ? 399.00 ? ? $90.12 ? $85.00 si71* ? $82.30 
Pea Anth. z Pea Anth. | Pea Anth, | Pea Anth, | Pea Anth. | Pea Anth. . | Pea Anth. | Pea Anth. | B.W. Anth, Coke Pea Anth, FP 
Se" co | $4.73 2 4.91 $3.75 $4.10 ? $5.00 i $4.05 $4.50 $3.15 $4.50 ? 35.00 
Fuel (amount in Ibs.), per BILP.......- 1.43 | 34 1.54 2.87 1.25 1.65 1a. | aa2 | 12 | . fs 
Cost of Puel, per B.H.P.. $.0033 4 $.0084 $.0029 $.0053 s : $.0031 $.0033 $.0032 | $.0033 $.0026 z z ‘3.0029 
= a 0059 .0032 0089 3 .0036 * 0058 0040 0035 0015 . Le $0026 
Z .0013 -0018 0043 i z 0012 0013 0008 0004 0009 5 : ay 
| 0179 0077 0218 3 - | .00s2 0075 “0048 “0124 0065 EH 3 
k z $.0235 $.0156 3.0313 3 i 3.0130 $.0179 3.0128 3.0196 $.0115 a 
aa 3 20% 55% 50% 3 75% 72%  |* 81% 50% 62% 2 5 
2 3,000 3,100 2,800 a 3,000 2,800 2,800 3,000 8,000 | Ly 
ce Te Attwadantw give full titte:...s.50-.0- Yes No No No No Yes No Yes a TAS Meer ol Se kl. een bale 
‘TOTAL COST OF ONE B.HLP. PER YEAR $70 $38 $88 | $39 $50 $36 $59 $35 
* Notn,—The figures and letters shown as reference number of plant refer to plants reported on in the appendices. * Prices marked * include Electric Generators and Switchboard Equipment. 
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PART IE, 


STEAM PLANTS. 


1. General discussion. 


2. Estimates of the costs of installing and working steam 


plants. 
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PART III. 


STEAM PLANTS. 
1. GENERAL DISCUSSION. 


The use of heat in many manufacturing processes and the neces- 
sity of heating buildings during a long winter, will in a large number 
of cases leave steam power in possession of the power field in Ontario 
even when its cost, referred to a power basis only, is in excess of the 
-eost of power generated in producer gas plants or of hydro-electric 
power. 

It is often stated that a steam plant using its exhaust steam for 
heating purposes supplies the heating without cost or vice versa. 
This is not entirely correct, as the power consumer to use his exhaust 
- steam for heating has to forego the advantages that would be obtained 
by using condensers and thus either reducing his steam and fuel con- 
sumption or increasing the capacity of his plant. The value that these 
advantages would be to him is the cost of his heating, and although 
less than the cost that would be incurred by installing a separate heat- 
‘ing system is yet sufficiently large to merit attention. _ 

Taking the case of a steam plant with compound engines of 100 Use of 
B.H.P. working condensing during the summer and using the whole ate 
of the exhaust steam for five months of the year for heating purposes, 
the fuel costs would be somewhat as follows, assuming the factory 
worked with an average load factor of 50%. 


Using the exhaust steam for heating five months a year :— 


Coal required for 1,250 hrs. work, engines non-con- 

densing and using 7 lbs.* coal per B.H.P. hour. .487,500 lbs. 
Coal required for 1,750 hrs. work, engines condensed 

and using 534 lbs. coal per B.H.P. hour ........ BOS ae 
Total-coal used.per annum ©. 0.5... 2. ee ce 940,625 “* 


If, however, the engines were worked condensing the whole year 
and the boilers bled for steam for heating through a reducing valve 
directly into the steam heating system than the fuel expended would 
be. 

Coal required for power purposes only for 3.000 hrs. 

per year, with the engines working condensing 
and using 534 Ibs. coal per B.H.P. hour ...... 862,500 lbs. 


* 1 lb. coal extra on account of back pressure in the steam heating system. 


Comparison 
with 
producer 
plants. 
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Coal required for heating purposes for 1,250 hours 
(the coal used being 85% * of the amount before : 
used for 5 months aS ‘above) ..:....-----.++-- 371,875 lbs. 
Total coal used for heat and power purposes ...... 1,234,375 °° 


Showing a saving of 293,750 lbs of fuel in favor of using the | 
exhaust steam for heating purposes, or a-saving of about 24% of the 
fuel costs. The total saving will be larger than this by the amount 
which will cover attendance and fixed charges on a boiler for steam 
heating. — - : 

If in order to use the steam for heating purposes in winter only 
no condensing plant was installed, and the engine worked non-con- 
densing throughout the year, for this purpose, then the saving would 
be smaller, amounting to only about 18.5% of the fuel cost instead of 
24%. | : 

Comparing the cost of power and heating considered together 
for a non-condensing steam engine as shown in the estimates and a 
producer gas plant with separate heating system, both of 100 B.H.P. 
and a 50% load factor. | ? 


Cost of power for 3,000 hrs. steam plant using the ex- 


haust.steam for heating......4. oe ee ee $3,858.00 
Cost of similar power from a producer gas Ae 

Polar een oe a7 yee SSG eae eee $2,446.65 
Cost of fuel for steam heating, 371,875 lbs., at 

S825 “per- ton... .. ge eee $ 604.30 
Allowance for attendance, fixed charges, etc., on 

boiler-for steam.heatine” =< eee ers $ 450.00 

$3 500.95 

paving in. favor. of producer. planta ee $ 30708 


or about 9% of the yearly charges for steam power, an amount which 
is considered insufficient to compensate the average steam user for 
the inherent disadvantages of a producer gas plant and even this 
small monetary advantage would be decreased if the steam plant used 
a condenser during the summer months.t 

In small plants where the steam engines installed are usually 
uneconomical in steam’ consumption, producer gas plants will appear 
more favorably than they do in the above example, but as the majority 
of factories using steam for heating have plants of at least 100 B.H.P. 


Fa * 15% 1s allowed for condensation losses in the piping and cylinder losses 
which do not occur when the steam is taken directly from the boiler. 


+ (NOTE.—A comparison of this kind tends somewhat to a comparison on 
a full consumption basis. In this connection refer to p. 14, line 5 et seq.) 
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it may be accepted that with the present prices of coal the producer 
eas plant will not be able to compete seriously with steam plants 
where the exhaust steam is used for manufacturing or heating pur- 
poses, even where the engines are worked non-condensing for the 
whole year. 

In large plants, especially those which have to deal with fluctua- 
ting loads, and which do not require steam for heating purposes, the 
steam turbine will enter into close competition with producer gas 
plants when considered on the basis of the total cost of power. The 
steam turbine plants will have the advantage, when considered on 
the basis of either capital costs or reliability of service. This case 
of the cost of power generation is not taken up in detail in this re- 
port as the station would be so large that it would be quite exceptional 
in Ontario. | 

As a general rule and so long as the present prices of coal do 
not materially increase, the steam driven plant may be expected to 
hold its present position, except in competition with cheap natural 
gas or hydro-electric power, in all cases where the exhaust steam can 
be used for heating or manufacturing purposes and in all power pro- 
positions of medium size or above, where a fluctuating load has to be 
taken care of. In plants requiring heat, natural gas and hydro-electric 
power will begin to compete with steam when the cost of power 
obtained by their agency is so low as to show sufficient savings over 
steam power to enable a separate heating system to be economically 
installed and worked, and under other conditions where heating is 
not an important question, when the costs based on B.H.P. are equal. 


44 _ Hydro-Electric Power Commission. 


ESTIMATES SHOWING THE COSTS OF INSTALLING AND 
WORKING STEAM PLANTS. 


Nore 1. The estimates are not for plant of any particular make, but 
represent the average cost of a plant suitable for manu- 
facturing purposes. No spare plant has been allowed. 


2. It has been assumed that the water can either be obtained at 
a nominal cost or can be used in some other part of the 
factory, and therefore only a small allowance has been 
made for cooling water in the condensers. 


3. Surface condensers have been assumed for the purpose of 
estimate. Jet or ejector condensers, if the conditions ad- 
mitted their use would cheapen the capital eost of the in- 
stallation. 


4. No estimates have been prepared for steam turbines, ag it 
has been considered that they are only likely to be suit- 
able under present conditions in a small number of cases 
where a large amount of power is required. 


5. Working costs have been based on the assumption of fairly 
steady loads and intelligent supervision. If the load fluctu- 
ates, fuel consumption and costs will increase, even though 
the average load remains the same. Unless skilled super- 
vision is obtained, working costs will be considerably in- 
creased. 


6. The plants of medium size and above it will usually be more - 
satisfactory to provide two or more smaller units rather 
than one large unit. 
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APPROXIMATE CORRECTION TO BE APPLIED TO THE COST PER YEARLY AVERAGE 
B.H.P. AS SHOWN IN THE ESTIMATES FOR STEAM ENGINES FOR EACH 10c. 
VARIATION IN THE PRICE OF COAL PER TON. 


(It is assumed that the coal in each case will have the same heating value.) 


Note 1.—To obtain the cost per B.H.P. hour due to a changed price of coal correct the 
yearly average cost per B.H.P. as necessary and divide by the number of working hours in the 
year. 


Note 2.—To obtain the yearly cost per B.H.P. of rated capacity due to a changed price of 
coal; correct the yearly average cost per B.H.P. as necessary and multiply by the load factor 
the plant is working on. 


Ee 


B. H.P. or Unit AND TYPE. Loap FAcTor. Year or 3,000 | YzAR oF 6,600 
Hours. Hours. 
100% $1.80 $3.96 
10 B.H.P. Simple Non-condensing... . DY, 2.10 4.62 
50% DzOo 5.61 
100% 1.05 Pre\ih 
30 B.H.P. Simple Non-condensing.... 5% 1.28 2.82 
50% 1h, 530) 3.00 
100% .98 PARES 
50 B.H.P. Simple Non-condensing.... 75% 1520 2.64 
50% EES 2.97 
100% UE G5 
100 B.H.P. Comp. Non-condensing..... 75% .86 1.89 
50% 98 226 
1 100% 67 iL oa 
100 B.H.P. Comp. Condensing......... 10%: 79 1.74 
50% 86 1.89 
100% .60 Be 
300 B.H.P. Comp. Non-condensing..... 75% .68 1.50 
50% 79 ere! 
100% 49 1.08 
300° BEEP) Comps Condensings......- - 75% 56 1S 
| 50% 65 1.43 
| 

100% 53: eles 
500 B.H.P. Comp. Condensing......... 75% 60 132 
| 50% 67 ieee 
100% 45 .99 
500 B.H.P. Comp. Condensing......... 75% BDA aly 
| 50% .60 Ib 8e 
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PART IV. 


OIL, GAS AND GASOLINE ENGINES. 


. General discussion. 


. National Board of Underwriters’ rules for the wnstalla- 


tion of gasoline engines. 


Estimates of the cost of imstallating and working gasoline 


engines. 


. Regulations governing the installation of kerosene ol en- 


gines vn large cities. 


. Estimates of the cost of installing and working kerosene 


oil engines. 


Estimates of the cost of installing and working gas en- 
gines using illuminating gas. 


_ Estimates of the cost of installing and working gas engines 


using natural gas. 
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PART IV. 


OIL AND GASOLINE ENGINES AND ENGINES USING 
ILLUMINATING OR NATURAL GAS. 


1. GENERAL DISCUSSION. 


Power users who require power in small amounts as for workshop 
purposes or for short times at irregular intervals, as for agricultural 
purposes, will find-their wants best supplied by small engines of the 

‘internal combustion type using coal oil, gasoline or gas, which require 
little or no labor in handling or preparation. ; 

Although the fuel these engines use is of a somewhat expensive 

“nature, their small capital cost and the little attention they need in 
working more than offset it, and their facility of starting without - 
requiring a long time for preparation makes them especially suited to 
the requirements of power producers, who only require to use power 

occasionally. | 

Where gas is obtainable the gas engine will usually be found 
to give the most satisfactory service with the least first cost. Where 
gas is not available the choice will be between an engine using coal 
oil and an engine using gasoline. 

Although the gasoline engine is somewhat cheaper in first cost, 

_ the oil engine is deserving of more attention than it usually obtains, 
as it gives as efficient a service as the gasoline engine with a less cost 
for fuel and uses a fuel which is more easily obtained. The insur- 
ance regulations which are stringent as to the use and storage of 
gasoline do not place the same restrictions on the use of coal oil. 

Gas engines can be obtained up to any size likely to be required, 
and in many places where natural gas is obtainable, will generate 
power more cheaply and more satisfactorily than engines using pro- 
ducer gas. 

Estimates are given for gas engines using natural gas of 980 
B.T.U. per ec. f., which enquiry shows is sold in Hamilton at 20 cents 
per 1,000 ¢.f., and nearer the wells could doubtless be obtained cheaper. 

Although not estimated for in this report the alcohol engine will 
in the future occupy a place, so far as cost of power is concerned, 
between the gas engine using natural gas and the gas engine using 
illuminating gas. Nearly all countries at present impose a heavy tax 
on the manufacture of alcohol, even when it is to be used for indus- 
trial purposes. The high price of alcohol due to this tax has pre- 
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vented the alcohol engine being economically used and has retarded 
its development. With the removal of this tax on aleohol for indus- 
trial purposes; and legislation to effect this has been introduced, or is 
about to be introduced, in many countries; alcohol will be reduced to a 
fraction of its present price and the practically unlimited supply of 
alcohol that can be obtained at a low cost by the distillation of wood 
waste, corn stalks, ete., will permit of the alcohol engine taking a 
position in industrial life at least as important as that to-day occu- 
pied by the gas, gasoline and oil engine. 
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NATIONAL BOARD OF UNDERWRITERS’ REGULATIONS 
REGARDING THE INSTALLATION AND 
USE OF GASOLINE ENGINES. 


Rules and requirements of the National Board of Fire Under- 
writers for the installation and running of gasoline engines. 

The Canadian Fire Underwriters’ Association state that these 
rules also apply in Canada. 

The rules for installation are as follows: 


1. LOCATION OF ENGINES. 


(a) Should, whenever possible, be located on the ground floor. 


(b) In workshops or rooms where dust and inflammable flyings 
prevail, the engine to be enclosed in a fire-proof compartment well 
ventilated to the outer air at floor and ceiling. 


(c) If located on a wooden floor the engine to be set on a metal 
plate turned up at the edges. 


2. SUPPLY TANK. 


(a) Shall be located outside the building, underground, where 
possible, at least thirty feet removed from all buildings, and below 
the level of the lowest pipe in the building used in connection with 
the apparatus. 


(b) If impracticable to bury the supply-tank, the same may be 
installed in a non-combustible building or vault properly ventilated, 
preferably from the bottom, always remembering that it must be 
below the level of the lowest pipe in the building used in connection 
with the apparatus. 


(c) Auxiliary inside tanks, if used, shall not exceed one quart 
in capacity, and shall not be placed on, in, or under the engine, and 
shall be so arranged that when the supply-valve is closed a drain- 
valve into the return-pipe will be automatically opened. (See also 
paragraph 8, Note.) 


3. PIPING. 


(a) None but tested pipe to be used. 


(b) Connections to outside tank shall not be located near nor 
placed in the same trench with other piping. 
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(c) Openings for pipes through outside walls shall be securely 
cemented and made water and oil-tight. 


(d) Piping to be run as direct as possible. 


(e) Piping for gasoline-feed and overflow from auxiliary inside 
tank and feed-cup shall be installed with a good pitch so the gaso- 
line will drain back to the supply-tank. 

(f) Fill and vent-pipes leading to the surface of the ground 
shall be boxed or jacketed to prevent freezing of earth pte them 
and loosening or breakage of connections. 


as MUFFLER OR EXHAUST-POT. 


(a) Shall be placed on a firm foundation and be kept at least 
one foot from woodwork or combustible materials. 


5. EXHAUST-PIPE. 


(a) Exhaust-pipe, whether direct from engine or from mufflers, 
shall extend to the outside of the building, and be kept at least six 
inches from any woodwork or combustible material, and if run through 
floors or partitions shall be provided with ventilated thimbles. 


(b) Shall in no case discharge into a chimney. 


6. CARE AND ATTENTION. 


Due consideration shall be given the cleaning of the cylinder, 
valves, and exhaust pipe as often as the quality of the fuel may neces- 
sitate. 

The rules for construction are as follows: 

These rules are not to be considered as specifications for the shop 
construction of an engine, inasmuch as questions of design, efficiency, 
and operation are largely omitted. They cover only the outlines of - 
construction of parts of special interest to the underwriters, and it 
should be noted that all engines conforming to the same are not of 
equal merit. 


7. OUTSIDE SUPPLY-TANK. 


(a) Must be constructed of iron or steel plate, securely riveted 
together or pressed into form. Tanks should be galvanized, or painted 
on the outside with rust-proof paint. 


(b) Must be provided with a fill-pipe and a vent-pipe. 
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(c) The fill and vent-pipes to terminate in an iron box, cover of 
which should be flush with the ground, and locked with a padlock. 


These pipes should be provided with screen near the top and the 
box to be properly ventilated. 


8. INSIDE AUXILIARY TANK. 


Nore: Auxiliary inside tanks with eravity feed are not advised 
as their use requires extra piping and fittings and an additional re- 
ceptacle containing gasoline is introduced within the premises. 


The gasoline feed-cup provided for below is sufficient for all 
ordinary purposes. 


(a) Must not exceed one quart in capacity and must be eon- 
structed in an improved manner of brass or copper of at least No. 20 
B. and S. gauge or else made in a easting. 


_(b) Must have no valves or plugs opening into the room wach the 
exception of an air-vent. 


(c) Must be provided with an overflow connection draining to 
the outside supply-tank. 


9. GASOLINE F'EED-CUP. 
(a) Must be of cast metal rigidly secured to the engine-frame 
or mixing chamber, and must not exceed in capacity one-half pint. 


(b) Must be provided with an approved controlling-valve or 
regulator. 


-- (c) Must be arranged to prevent spattering, dripping, or ex- 
posure of gasoline during operation or with the engine at rest. 


(d) Must be provided with an overflow connection draining to 
the outside supply-tank. 


10. GASOLINE H'EED-PUMP. 


(a) Should be of the simple single-plunger type with eheck- 
valve as close to the pump as convenient. 


(b) No packing should be used on plunger or pump. 


11. IGNITER OR EXPLODER. 


‘(a) Electric ignition must be used. 
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12. MUFFLER OR EXHAUST-POT. 


(a) Must be made equal in strength to the cylinder or other 
parts subject to effects of the explosion, and should be made in eylin- 
drical or spherical form with as few joints as possible. 


(b) Must be provided with a draw-off or drain-valve placed near 
the bottom and below the exhaust-pipe connection. 


13. VALVES. 


(a) Shut-off valves must close against the gasoline supply, must 
be made of brass and have a stuffing-cap of liberal size arranged to 
force the packing against the valve-stem. 


(b) No packing likely to be affected by gasoline to be used. 
(c) Regulating valves, if not designed to close against the g.aso- 
line supply, or if used as a shut-off valve, must be provided with a 


special stuffing-cap having a follower-gland designed to hold and 
compress the packing. } 


Note: Engine-valves of the poppet type should preferably be so 
placed that gravity will act with spring to keep the valve closed. 


14. PIPINGS AND FITTINGS. 


(a) Tank and drain-piping must be of brass or iron, not smaller 
than 3-inch size. Drain-pipe to be at least one size larger than sup- - 
ply-pipe. 

(b) Connections by right and left couplings are advised in place 
of unions. 

If unions are used they must be of brass, with a ground conical 
joint, obviating the use of packing or gaskets. 


(c) A filter must be provided in the gasoline supply-pipe located 
near the engine and accessible for purpose of cleaning. 


Nore: A substantial flange-fitting containing fine brass gauze is 
recommended for use as a filter. 


15. ENGINE BASE. 


(a) Must not be used as a storage space for gasoline or any other 
material. 


(b) It is recommended that the base be constructed with a 
groove or channel to prevent lubricating oil from soaking into floors. 
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16. LUBRICATING OIL-DRIPS AND PANS. 


(a) Must be provided where necessary to prevent the spilling of 
Olea? 

(6) Cranks and other rapidly revolving or reciprocating parts 
must be shielded to prevent throwing of oil. 


17. NAME-PLATE, 


(a) Must be provided with a plate giving the name of the manu- 
facturer, the trade-name of the engine, and its rated horse-power. 


Other Fire Insurance Associations have the following rules: 


Specifications to which all gasoline engines must conform in 
order to be approved for their installation: 


1. Engines to be ignited by electric spark; tube-igniters not 
allowed. 


2. Storage-tanks for gasoline shall be located underground, out- 
side of the engine-room, and top of tank shall be below the level of 
the base of engine and not less than ten feet away from any building. 
Gasoline must be drawn from the general supply-tank, either to the 
engine, or the auxiliary or secondary reservoir or receptacle into 
which the pump discharges, and out of which the gasoline is fed into 
the engine. The overflow of said auxiliary or secondary reservoir or 
receptacle must lead back to the main storage-tank and be of four 
times the capacity of the pump. 


3. Tanks to be cylindrical in shape and constructed as follows, 
viz., less than 200-gallon capacity to be of not less than 44-inch steel 
throughout. Tanks of 200 to 300-gallon capacity to be of not less 
than 3-16-inch steel throughout; heads to be stayed with iron; seams 
of all tanks to be securely riveted and caulked. Tanks to be coated 
with tar before being pd in the ground. No tank of larger than 
300 gallons allowed. 


4. Pipes leading from storage-tank to engine must be put together 
at every joint, metal to metal, with pipe screw connections. Supply 
and overflow-pipes to incline toward tank in order that surplus gaso- 
line may drain back to tank from building when engine is not in 
operation; hand-valves to be placed in each supply and overflow-pipe 
outside of building, said valves to be closed when filling tank and when 
engine is shut down for the night. A vent provided with screw-cap 
must be attached to tank, said pipe to be open during filling. Storage- 
tank must be always filled by daylight, and all attachments between 
supply-wagon, tank-car, or barrels shall be tight-fitting serew-connec- 
tions. 
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5. Any form of carbureter or vaporizer (that is, engines with 
a carbureter or vaporizer so constructed that by the passing of air 
over or through the gasoline the explosive mixture is formed within 
the carbureter or outside of the engine cylinder) is prohibited. This 
rule will apply except where vaporizer or carbureter has been speci- 
fieally approved by this Association. 
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ESTIMATE SHOWING THE COSTS OF INSTALLING AND 
WORKING GASOLINE ENGINES. 


Note 1. These estimates are not for plant of any particular make, 
but represent the average cost of plant suitable for manu- 
facturing purposes. There is a considerable variation in 
the price of the smaller sized engines. 


2. No spare plant has been allowed. Cost of providing stor- 
age for the gasoline has not been included. 


8. Working costs have been based on the assumption of fairly 
steady loads and intelligent supervision. If the load flue- 
tuates, fuel consumption and consequently working costs 
will increase even though the average load remains the 
same. Unless skilled attendance is provided the working 
costs will be considerably increased. 
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/ 
GASOLINE ENGINES. 
CAPITAL CosTs. 
BEEP es OR SUNT Titniter fray erase vista teee ae 1i 5 10 30 50 
Cost: Completes srs c.ctie-e ttre ste tace (1)| $150.00 $250.00 $420.00 | $1,100.00 | $1,800.00 
Installation and Accessories ...... (2) 25.00 50.00 75.00 125.00 200 .00 
(1+2) Tora. CapitaLCost Macu. (3)| $175.00 $300.00 $495.00 | $1,225.00 | $2,000.00 
BngmeelOund ations. ie venteic ue: (4) $15.00 $23 .00 $ 33.00 $ 90.00 $160.00 
Waridedtia til ditiosiets evi tse. (5) 75.00 120.00 200.00 325.00 450.00 
ToTaL Cost LAND AND Buitpinecs (6)| $ 90.00 $143 .00 $233 .00 $415.00 $610.00 
(3+6) Tota CapitaL Costs....(7)| $265.00 $443 .00 $728.00 | $1,640.00 | $2,610.00 
Cap:-Costs per B.H.P.. 2.8... =. aes] 2212700 $88.60 $72.80 $54.67 $52.20 ../ 
FixED CHARGES 
BeEGeTORSUNITatisonise es pete eR Ii 5 10 30 50 
Interest ons Capital: Cost soVon ce emer. $13.25 $22.15 $36 .40 $82 .00 $130.50 
Depreciation of Machinery, 6%...... 10.50 18.00 29.70 73-.50 120.00 
Depreciation on Buildings, 2%....... 1.80 2.86 4.66 8.30 12.20 
Fire Ins. 1%, Taxes 14%; Total 24% 6.63 11.08 18.20 41.00 65.25 
Repairs One utldine 2pm wee asee ence 1.80 2.86 4.66 8.30 12.20 
MOTAU SEED CHARGES weitere: $33 .98 $56 .95 $93 .62 $213.10 | $340.15 
WORKING CHARGES 
Maintenance and f 3,000 hrs., 2%... $3 .50 $ 6.00 $ 9.90 $24 .50 $40 .00 
Repair of Mach. | 6,600 hrs. aes : 7.00 1P7A0@ 19.80 49 .00 80.00 
Attendances... . { 3,000 hrs.. ae 30.00 60.00 90.00 120.00 140.00 
{ 6,600 hrs.. ‘60.00 120.00 180.00 240 .00 280.00 
AMOUNT AND Cost OF GASOLINE PER B.H.P. Hour at 20 CENTS PER GALLON 
1OOCA eels ptsa| el etsan ele apts ROO rpE 1.00 pt. 
Sema 2.93 c. Zao: One Dobie 
Average Load on Engine in %} 75%| § 1.4 pts. ioe pts 12 7epts 112 pts. Th gl pts. 
ORatediCapacitys. 2s omnes Barbet Oe Src: PX 2.8c¢ 
HO Gilal leo pts a sls oonpts iLaoul joxes 1.40 pts. 1.40 pis. 
\ 4.37 c. 3.88 c. Salecs Se OIC SoKe 
Cost oF LUBRICATING OIL, WASTE, SUNDRIES, ETc., PER B.H.P. Hour. 
Average Load on Engine in % { 100% .06 c. -05 ¢. .04¢ 04c¢c .03¢ 
ot Rated Capacity... 2...» 75% 08 c. .06 c. .04c¢ 04c¢c 03 ¢ 
50% .09 c. Ome? Odi¢ O5c .04c¢ 
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Bees OF? UNE tics hcl ois, Sess ae 


eG GALES ic ove vry oa onadhevonanteheccmee 
Maintenance and IRGpains saa Ss: 
BNGL GR GATRCC ae iene a cae tute. coer ale) poe ceekans 
GrASO late meine otis coe iaie Rial eee d lous eCopt 
Lubricating Oil, Waste and Sundries.. 


TROPARACOST. PER) V BAR vastus cies « 


Cost per Year per B.H.P. of Average 
Demand 


@ @ ere er ee, e110 © © wie 3 0:0 0 © 00 6 0 0 6 


Costeosts Dellg ee ELOUT A ities ete 


Cost. per Year per B.H.P.'of Rated 
Capacity 


mabye he, ees Oi ePO Wee: (66) 6) (ete; eo eh Ore |» 


Bixeds Charges auc dt t.0 sets re 3 wee 
Maintenance and Repairs..........--- 
PA tera Cece excspenieeten eta leisis atone a le tore .e 
(Ga SOL Ct re Nee eoec oes nto cake eee 
Lubricating Oil, Waste and Sundries... 


ToTAL CosT PER YEAR...... 


Cost per Year per B.H.P. of Average 
Demand 


Cost per B.H.P. Hour..... 


Cost per Year per B.H.P. of Rated 
(CAO EYO UNV HS ois aemicin Oa a CROC 


IDE ReOR A NUR e tides cos b.elane 3 02 oreo: 


axe de@Hareeses csitver sw oe er cseie = 
Maintenance and Repairs..........-+- 
PAT RING ATI COM i hatrasiel sists) Tene woke asain 
Grease lines ee ates ee ean omens: 
Lubricating Oil, Waste and Sundries . 


TOTAL COST PER YEAR...<...-<.> 


Cost per Year per B.H.P. of Average 
Demand 


mle (h [aifauie (ere) 0 /er.e (0.6% .© 0) sie eye (ais: Ooh 


Cost permease. Hour...) s.. <-> 


eine rts mae ps ee IS Ts 
Cost per Year per B.H.P. of Rated 
Capacity 
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GASOLINE ENGINES—Continued. 
YEARLY Costs, ENGINE WorKING AT 100% Capacity, 3,000 Hours PER YEAR. 
14 a5 10 30 50 
$ 33.98 $ 56.95 $ 93.62 $213.10 $340.15 
oO) 6.00 9.90 24.50 40.00 
30.00 60.00 90.00 120.00 140.00 
117.00 439 .50 840.00 | 2,250.00 | 3,750.00 
PAs 7.50 12.00 36.00 45.00 
$186.73 $569.95 | $1,045.52 |$2,643.60 | $4,315.15 
$149 .20 $113.99 $104.55 $88.12 $86.30 
4.97 c. 3.80c. | 3.48c. 2.94 c. 2.87 ¢. 
$149 .20 $113.99 $104.55 $88.12 $86.30 
YeEarzy Costs, ENGINE WorKING aT 100% Capacity, 6,600 Hours PER YEAR. 
$ 33.98 $ 56.95 $ 93.62 $213.10 $340.15 
“se 12.00 19.80 49.00 80.00 
60.00 120.00 180.00 240.00 280.00 
257.40 966.90 | 1,848.00 | 4,950.00 | 8,250.00 
4.95 | 16.50 26.40 79.20 99.00 
$363.33 | $1,172.35 | $2,167.82 | $5,531.30 $9,049.15 
290.66 234.47 216.78 184.38 180.98 
4.40 c. 3.55. 3.28 ¢. 2.79 ¢. DT AGCs 
* $290.66 $234.47 $216.78 $184.38 $180.98 
Yearty Costs, ENGINE WorKING AT 75% CAPACITY, 3,000 Hours PER YEAR. 
14 5 10 30 50 
$33.98 $ 56.95 $ 93.62 $213.10 $340.15 
3.50 6.00 9.90 24.50 41.00 
30.00 60.00 90.00 120.00 140.00 
98 .44 374.63 WLS LO 1,890.00 3,150.00 
2.25 65/5 9.00 27.00 83.00 
$168.17 $504.33 $915.77 | $2,274.60 | $3,703.90 
$179.38 $134.49 $122.10 $101.09 $98.80 
5.98 c. 4.48 c. 4.07¢c S.ou C: 3.29 c 
$134.53 $100.87 $91.58 $75.82 $74.08 


Bi SiseWe 2. 6 oe) e) ole” elapse, 0 = 0. 09 sto eS 
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GASOLINE ENGINES—Continued. 


YEARLY Costs, ENGINE WoRKING AT 75% Capacity, 6,600 Hours PER YEAR. 


Rixed Charves.n igi genom one bd = | O9od298 $ 56.95 $ 93.62 $213.10 $340.15 
Maintenance and Repairs............ 7.00 12.00 19.80 49 .00 80.00 
Attendances en pseu herr | Daas hae eae 60.00 120-00 180 .00 240.00 280.00 
Gasolines:. here sittin aa oe Pie 216.56 824.18 | 1,569.15 | 4,158.00 | 6,930.00 
Lubricating Oil, Waste and Sundries.. 4.95 14.85 19.80 59.40 74.25 
ToTAL COST PER YEAR...... ....| $322.49 | $1,027.98 | $1,882.37. | $4,719.50 | $7,704.40 

Coat per Year per B.H.P. of Average 

Wenaands ges omer der ante ata le $343 .99 $274.13 $250.98 $209.76 $205.45 
Costi per Baek. rOUres ames. Soe 5221-6. 4.15 c. SN OUrC: Se LSic Oe ekice 
Cost per Year per B.H.P. of Rated 

CADRCIV coe ia eer Me hn ecety aes $257 .99 $205 .60 $188 . 24 $157.32 $154.09 

YeEARLY Costs, ENGINE WorKING 50% Capacity, 3,000 Hours PER YEAR. 
IB seSP SORMOINT Be eas leis ateae eat coke eee ott ade 14 5 10 30 50 
Hixed ‘Charges... olen seus teh: este $33.98 $ 56.95 $ 93.62 $213.10 $340.15 
Maintenance and Repairs............ 3.50 6.00 9.90 24.50 40.00 
(At tencanCer are ciacracans nie werent ad. 30.00 60.00 90:00 120.00 140.00 
(Gasoline fe a ena Len eee ces ee 81.94 291.00 567.00 | 1,575.00 | 2,625.00 
Lubricating Oil, Waste and Sundries.. 1.69 AD 7.50 22.50 30.00 
OPAL COST PERY YEAR aon Gi eecene : $151.11 |- $419.20 $768.02 | $1,955.10 | $3,175.15 

Cost per Year per B.H.P. of Average 

Demands erie tre seer eee $241.80 $167.68 $153 .60 $130.34 $127 .00 
Coste pers she bes lotr. he eek ees eae OOLC 5.59¢c Sei 2c 4.34 c¢. 4.23 ¢. 
Cost per Year per B.H.P. of Rated | 

CAapacitiiema ting <class a $120. 90° $83 . 84 $76.80 $67.17 | $63 .50 


YEARLY Costs, ENGINE WorRKING 50% Capacity, 6,600 Hours PER YEAR. 


Fixed Charges 
Maintenance and Repairs 
Attendance 
Gasoline 
Lubricating Oil, Waste and Sundries.. 


TORATINCOST: PERSY BAR nt. ess se 


Cost per Year per B.H.P. of Average 
Demand 


savas ofa, 8:80 (0) 0 ae eke oe ys ue Use Mas Ue, 


Cost per baHeP. srloureae cts sms 


Cost per Year per B.H.P. of Rated 
Capacity 


$ 33.98 | .$ 56.95 | $ 93.62 | $213.10 | $340.15 
7.00 12.00 19.80 49.00 80.00 
60.00 120.00 180.00 240.00 280.00 
180.26 640.20 | 1,247.40 | 3,465.00 | 5,775.00 
3.72 10-550 )e 16.50 49.50 66.00 
$284.96 | $840.70 | $1,557.32 | $4,016.60 | $6,541.15 
$455.94 | $336.28 | $311.46 | $267.77 | $261.65 
6.91lc 54 10.e; Zak 7D ex 4.06 c. 3.96c 
$227.97 | $168.14 | $155.73 | $133.89 | $130.82 
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APPROXIMATE ALTERATION IN THE YEARLY COST PER AVERAGE B.H.P. DUE TO A 
CHANGE IN THE PRICE OF GASOLINE OF 1 CENT PER GALLON. 


c 


Norte 1.—To obtain the cost per B.H.P. hour with a different price of gasoline, correct the 
- yearly average cost as required and divide by the number of working hours in the year. 


Note 2.—To obtain the yearly cost per B.H.P. of rated capacity on account of a different 
price of gasoline, correct the yearly cost' per average B.H.P. as necessary, and multiply by the 
load factor the plant is working on. 


B.H.P. oF UNIT. Loap Factor. repeats ee Ea® OF 8.000 
100% $4.68 $10.30 
1S aris aa 75% 5.25 11.55 

50% 6.57 14.45 

100% 4.38 9.64 

SEUSS: "ip Sap Ne gee 75% 4.98 10.96 
50% 5.82 12.380 

100% “4.20 9.24 

DOD: ear were eS shan « 75% 4.76 10.47 
50% 5.68 12.50 

100% 3.75 8.25 

UE ge AMER no S b 8,0 75% 4.20 9.24 
50% 5.26 11.57 

100% 3.75 8.25 

ONE SOR RR on Carne eae 75% 4.20 9.24 
50% 5.26 11.57 
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INSURANCE REGULATIONS FOR, KEROSENE OR COAL-O1L 
ENGINES. 


The following are the requirements of the New York Board of 
Fire Underwriters for the installation and use of kerosene-oil 
engines, where gasoline engines are prohibited. Similar regulations 
would probably apply to Canada. The prospective user should, how- 
ever, ascertain the local regulations before deciding on type to use. — 


LOCATION OF ENGINE. 


Engine shall not be located where the normal temperature is 
above 95 degrees F., or within ten feet of any fire. | 
: If enclosed in room, same must be well ventilated, and if room 
has a wood floor, the entire floor must be covered with metal and kept - 
free from the drippings of oil. 

If engine is not enclosed, and if set on a wood floor, then the ~ 
floor under and three feet outside of it must be covered with metal. 

! FEED TANK. 

If located inside the building, shall not exceed five gallons in 
capacity, and must be made of galvanized iron or copper, not less 
than No. 22 B. and S. gauge, and must be double seamed and sold- 
ered, and must be set in a drip-pan on the floor at the base of the 
engine. 

Tanks of more than five-gallon* capacity must be made of heavy 
iron or steel, be riveted, and be located, preferably, underground out- 
side of the building. If there is no space available outside the build- *- 
ing for a tank, it may, by written permission from this Board, be lo- 
cated in an approved vault attached to the building, or in a non-com- 
bustible and well-ventilated compartment inside the building, but no~ 
such tank shall exceed five barrels capacity. 

Tanks, irrespective of the method of feed, must not be located 
above the floor on which the engine is set. 

The base of an engine must not be used in lieu of a tank as a 
receptacle for feed-oil. A tank, if satisfactorily insulated from the 
heat of the engine, and approved by the Board, may be placed inside 
of the base. Some engines have the base arranged as a tank, and this 
should be enquired into before purchasing. 

In starting an engine, gas only, properly arranged, must be used 
to heat the combustion chamber. Many engines are arranged to be 
heated by an oil blow lamp. 
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_ A high-grade kerosene oil must be used, the flash test of which 
shall be not lower then 100 degrees F. 

Oily waste and rags must be kept in an approved self-closing 
metal can, with legs to raise it six inches above the floor. 

The supply of oil, unless in an approved tank outside the build- 
ing, or in a non-combustible compartment, as above on the premises, 
provided same is kept in an unexposed location ten feet distant from 
any fire, artificial light, and inflammable material, and oil drawn by 
daylight only. 

A drip-pan must be placed under the barrel. 

Empty kerosene barrels must not be kept on the premises. 
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ESTIMATES SHOWING THE COSTS OF INSTALLING AND 
WORKING ENGINES USING KEROSENE OIL. 


Note 1. No provision. for. the storage of oil has been made in the 
estimates. 


2. Oil engines are made in larger sizes than shown in the esti- 
mates, but it is not considered that they could be economi- 
cally used in Ontario. 


3. Working costs have been based on the assumption of fairly 
steady loads and intelligent supervision. If the load fluc- 
tuates oil consumption and costs will increase even though 
the average load remains the same. 


4. Engines using less oil than those shown in the estimates are 
obtainable, but at an increased cost. As they require con- 
siderable skill in operation they have been considered 
unsuitable for use in Ontario and have not been estimated 
for. 


5. The estimates are not for engines of any particular make, but 
are for an average type suitable for manufacturing pur- 
poses. Prices for the smaller sizes will be found to vary 
considerably. 
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ENGINES USING KEROSENE OIL. 


CAPITAL Costs. 


BH. P- UnNI#. ‘ 14 Dies 10 30 50 
Cost of Engine complete with starting 

(CEI AA ene Bae ca CE, 0 $240 .00 $380.00 $560.00 | $1,400.00 | $2,200.00 
Cost of et aiistion and Accessories (2) 30.00 60.00 85.00 150.00 400.00 


(1+2) Tota Cost oF ENGINE ....(3)| $270.00 $440 .00 $645.00 | $1,550.00 | $2,600.00 


Engine. Foundations....2........ (4) $15.00 $ 23.00 $ 33.00 $ 90.00 $160.00 
Weanceaice silane ete tans cheng mo) 50.00 100.00 150.00 275.00 350.00 


(4+5) Totat Cap. Cost oF areca $65.00 $123 .00 $183 .00 $365.00 $510.00 


(3+6) Granp Tora Cap. Costs . .(7)| $335.00 $563.00 | $828.00 | $1,915.00 | $3,110.00 


Cap. Costs ecole ya A Se Ren AL ea $268 .00 $112.60 $82 .80 $63 .83 $62.20 


FIXED CHARGES. 


Boy PaeUNit. 14 5 10 30 50 
Tntereeo on Capital, 5% SU as ae tae ee $16.75 $28.15 $41.40 $95.75 | $155.50 
Depreciation on Machinery, Yd to-do 16.20 26 .40 38.70 93 .00 156.00 
Depreciation on Building, 2%........ esi 0) 2.46 3.66 (EAXO) 10.20 
‘Fire Ins. 1%, Taxes %,’ Total sete? :s 38 14.08 20.70 47.88 Glorto 
Repair Building, 2%.. ‘ 1.30 2.46 3.66 7.280 10.20 
ODA Lie tera ict iene al 5 Seasons $43 .93 $73.55 $108.12 $251.23 $409 .65 


Working Expenses; 


Maintenance {3,000 hrs., 2%....| $5.40] $8.80 | $12.90 | $31.00 | $ 52.00 
and Repairs.. \ 6,600 hrs., 4%... 10.80 17.60 25.80 62.00 | 104.00 
Aten cd B000iHrsy 62>. «80,00 60.00 90.00 | 120-00 | 140.00 
ae 96,600 hrs... 60.00 | 120.00 | 180.00 | 240.00 | 280.00 


100%} f 1.25 pts. 1.17 pts. 12 pts. 1 pint 1 pint 
¥ 225°C 2.34 c. 2 on a _ c Agi y Ci 
Average Load on Engine in 75%\| } 1.4 pts. 1.33 pts. te pts. 12 pts. .12 pts. 
he Rated Capacity <--. e "1 2.86 S660. | 2 Oo bac. | 224. | 2.940! 


SL Ore: 3.02 c. 2.80 c. 2.80 c. 


50%| J 1.75 pts. [55 pts. 1.51 pts. 1.40 pts. 1.40 pts. 
Nee 370.C 


Cost oF LUBRICATING OIL, WASTE AND SUNDRIES. 


Average Load on Engine in % ae on 08 y “Od ie “Of : 03 ~ 


_ of Rated Capacity........ 50% 09 NOPE .05 205 .04 
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ENGINES USING KEROSENE OIL—Continued. 


YEARLY Costs, ENGINE RUNNIN 


c 100% Ratep Capacity, 3,000 Hours YEARLY. 


SS LT eS ene 


B. H. P. per UNIT. 14 5 10 30 50 
Bes Ste See et - een 
Fixed Charges... 0. 5. .c oeae eee ee eee $43 .93 $ 73.55 $108.12 $251 223 $409.65 
Maintenance and Repairs.........+-- 5.40 8.80 12.90 31.00 52.00 
Attendances. 21.0 ee bn ree ees 30.00 60.00 90.00 120.00 140.00 
TGBTOSETIC teh Sins Beerdom earias ae 93.75 351.00 672.00 1,800.00 | 3,000.00 
Lubricating Oil and Sundries.......- DRRONS. @200 12.00 36.00 45.00 é 
TOTAL Am Cn ae ee as SWionos $500.85 $895.02 | $2,238.23 | $3,646.65 
Cost per Year per B.H.P. of Average 
Demande spec sees ioe ae Seiler: $140.26 $100.17 $89 .50 $74.61 $72.93 
Cost per B.H.P. Hour.?..°...:- a OS.C. 3.34.¢. 2.98 c. 2.49 c. 2 ABic. 
AAR PR Reise Pd Ee ee ene 
Cost per Year per B.H.P. of Rated 3 
Ghpacit yin aps Mas ahs eee Pee $140 .26 $100.17 $89 .50 $74.61 $72.93 


YEARLY Costs, ENGINE RUNNING 100% Ratep CaPAcirty, 6,600 Hours YEARLY. 


rxeds Chatsesenn, (emus tetas) im per $ 43.93 $ 73.55 $108.12 $251 .23 $409.65 
Maintenance and Repairs............ 10.80 17.60 25..80 62.00 104.00 
IREeT ATI CES een, Genk Pech es dey cata Bh 60.00 120.00 180.00 240.00 280.00 
IOHOSENE Pek canis Hen te eels bine ines Siete 206.15 772.20 | 1,478.40 | 3,960.00 | 6,600.00 
Lubricating Oil and Sundries........ : 4.95 16.50 26.40 79.20 99.00 
SOTA I wie oe Soe hee eee $325.83 $999.85 | $1,818.72 $4,592.43 | $7,492.65 
Cost per Year per B.H.P. of Average 
Weta arene ote eee rata $260.66 $199 .97 $181.87 $153.08 $149.85 
Cost*per B.H. P< Hours is sana: B951C: 23 5B ee Dm OuCs Qaoilee DOMES, 
Cost per Year per B.H.P. of Rated 
Capacity ee. vee: vob omloe ereciny oe $260.66 | °$199.97 $181.87 $183.08 $149.85 


Fe ee ee 


YEARLY Costs, ENGINE RUNNING 75% RATED CAPACITY, 3,000 Hours PER YEAR. 


B.H.P. per UNIT. 1i 
lathe (Clatenxcee ang Gee don cana ask oe $43 .93 
Maintenance and Repairs............ 5.40 
Attendance. ....5..-.. Ee a Fee 30.00 
Kerosene: anh a aie ee one eect 78.75 
Lubricating Oi) and Sundries........ Des 
OPA Lich e ones see ereraencie wth oceye $160.33 

Cost per Year per B.H.P. of Averag 

IDYoSTn hale bee Re eh Re ae eee Bot lee > lev OZ 
Cost. per BBCP. (Hours. etesa ere 5) 10: Cc. 
Cost per Year per B.H.P. of Rated 

Camacityne eters sae. ee $145 .27 


5 10 30 
$ 73.55 | $108.12 | $251.23 
8.80 12.90 31.00 
60.00 90.00 120.00 
299 .25 571.50 | 1,512.00 
6.75 9.00 27.00 
$448.35 | $791.52 | $1,941.23 
$119.56 | $105.54 $86 .28 
3.99 ¢. 3.52c. 2.88.¢ 
$89.67 $79.15 $64.71 


50 


$409 .65 


52.00 
140.00 
2,520.00 
33.75 


$3,155.40 | 


$84.14 
2- SO'c: 


$63.11 


a 


pee et ee eee 
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ENGINES USING KEROSENE OIL—Continued. 
YEARLY Costs, ENGINE RUNNING 75% RATED Capacity, 6,600 Hours PER YEAR. 
Fixed Charges........ bea eae, Ao pr aye $ 73.00 $108.12 $251.23 $409.65 
Maintenance and Repairs............ 10.80 17.60 25.80 62.00 104.00 
REDE TIC ANICE Sete tvektn. cave oie bomen 2 ue honey os 60.00 120.00 180.00 240.00 280.00 © 
Kerosene ween. catree ar ke dase Sig an eae Tioeoo 658.35 1257200 3,326 .40 5,544.00 
Lubricating Oil and Sundries........ 4.95 14.85 19.80 59.40 14.25 
BESO) RA ote, er usta gtey? poet viodnes oe $292.93 |. $884.35 | $1,591.02 | $3,939.03 | $6,411.90 
Cost per Year per B.H.P. of Average 
DY Sian ts aG sy Brees ee ees eee $312.46 $235.83 $212.14 $175.07 $170.98 
Cost per B.H.P. Hour.............-. 4.73 ¢. 3°.57.¢: B21 Cs 2.65-e.. (2,59: 
Cost per Year per B.H.P. of Rated 
GAC re tas re pe ae es $234.35 $176.87 $159.10 $131.30 $128 .24 
Yrarzy Costs, ENGINE RUNNING 50% RATED CAPACITY, 3,000 Hours PER YEAR. 
ae se ee es oe Ee ee 
B.H. P. per UNIT. 14 5 10 30 50 
Pixed @hareess- cet we ee tee $43 .93 $ 13-99 $108.12 $251.23 $409.65- 
Maintenance and Repairs. . ears 5.40 8.80 12.90 31.00 52.00 
Attendance 2 ae Pe ES 30.00 60.00 90.00 120.00 140.00 
WET OSES oct fo dese eons) ieee onsets es 65.63 Deva 0) 453.00 | $1,260.00 | $2,100.00 
Lubricating Oil and Sundries WEP es 1.69 5.29 7.50 PI = 50 30.00 
AT OAT hia et Rob Bae: ta Ne Abd aes $146.65 $380.10 $671.52 | $1,684.73 | $2,731.65 
Cost per Year per B.H.P. of Average 
TDYSvnaee hale cess Pi Oh Oe en meee $234 .64 $152 .04 $134.30 $112.32 $109.27 
SI eS ee ee eT a sigate ine oa a cl 
Cost per B.H.P. Hour........--+-+-+ Ae OLRC: 5 07-e) 4.48 c. 3.74 c¢. 3.64¢ 
Cost per Year per B.H.P. of Rated 
Gapacity: ae koa oi beth os be $117.39 $76.02 $67.15 $56.16 $54.64 
iene eae n ices OS 3 ee 
YEARLY Costs, ENGINE RUNNING 50% Ratep Capacity, 6,600 Hours PER YEAR. 
CEE es a ea eae 
Fixed Charges....... eee alnale te ean G $ 43.93 $ 73.55 $108.12 $251 .23 $409 .65 
Mi aiitentaries And Repairs. ooum- 10.80 17.60 25.:80 62.00 104.00 
PAPLENGATIGS Sere Seems grat) olately set 60.00 120.00. 180.00 240 .00 280.00 
TOCTOSENO Sr eT ore oe eee a bag ponednyae® 144.39 511.50 996.60 2,772 .00 4,620.00 
Lubricating Oil and etaes Beer ret 3.2 155 16.50 49.50 66.00 
ADV o ty Nice cae Se RE A ieee $262 . 84 $734.20 | $1,327.02 | $3,374.73 $5,479 .65 
B.H.P. of A 
ei eee Re os Ace ; #35 aes $420. 54 $293 .68 $265.40 $224 .98 $219.19 
Cost per B.H.P. Hour........--++++> Grol, C: A4D Cc. 4, 02°C. 3 /41°c. 3.32 G: 
SRE ie ee ee glee Zor ee 
/ B.H.P. of Rated 
ee Pence me San oes 2 5 $210.27 $146. 84 $132.70 $112.49 $109.59 
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APPROXIMATE CORRECTION TO BE APPLIED TO THE COST FOR B.H.P. YEAR AS SHOWN 
IN THE ESTIMATES FOR OIL ENGINES FOR EVERY 1 CENT VARIATION 
IN THE PRICE OF KEROSENE OIL PER GALLON. 


Noter 1.—To obtain the cost per B.H.P. hour due to a changed price of dil, correct the 
yearly cost per average B.H.P. as necessary and divide by the number of working hours in 
the years. = = 


Note 2.—To obtain the yearly cost per B.H.P. of rated capacity due to changed price of 
oil, correct the yearly cost per average B.H.P. as necessary and multiply by the load factor the 
plant is working on. 


S1zE oF UNIT Loap Factor. |. YEAR OF 3,000 YEAR OF 6,600 
Jobe Hours. Hours. 
100% $4.69 $10.32 
7 AS ed Bye Be 4 eae are acteies et asa scaly attacie.< TDA, Ona Tell ass 
50% 6.56 14.43 
100% 4.39 9.66 
Seu dew lish) 1 Sky fel eae were eee tem yf 75% 5.00 11.00 
50% 5.81 12.78 
100% 4.20 9.24 
ORE RE Pt Cn Gh ous cay See 75% 4.76 10.47 - 
50% 5.66 12.45 
100% Sue 8.25 
3 pers Bie ene nse tae: Lk ne kd pes 75% 4.20 9.24 
50% eee TADS 
100% Site 8.25 
fa Oc] ote go) Pn RD, eal ae RR Re A nate, ion 75% 4.20 9.24 
50% 20 io 
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ESTIMATE SHOWING COSTS OF INSTALLING AND WORK- 
ING GAS ENGINES USING ILLUMINATING GAS. 


Nore 1. These estimates are not for plant of any particular make, 
but represent the average cost of plant suitable for manu- 
facturing purposes. No spare plant has been allowed. 
Prices for the smaller sized units will be found to vary 
considerably. 


2. Working costs have been based on the assumption of fairly 
steady loads and intelligent supervision. If the load 
fluctuates, fuel consumption and costs will increase, even 
though the average load remains the same. Unless skilled 
attendance is provided working costs will be considerably 
increased. 


3. The gas assumed for the purpose of estimate is gas similar 
to Toronto gas. 
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GAS ENGINES CLLUMINATING GAS). 


CAPITAL COSTS. 


B.ELP. of UNIT......-- 13 5 10 30 ~ 50 100 
Cost Complete........-(1); $150 .00- $250 .00 $400.00 | $1,000.00 | $1,700.00 | $3,300.00 
Installation and Accessor- $ 
Ses een fete haa (2) 25.00 50.00 75.00 125.00 200.00 350.00 
(1+2) Cap. Cost Macu. (3) $175.00 $300.00 $475.00 | $1,125.00 | $1,900.00 | $3,650.00 
Engine Foundations. . . (4) $17.50 $ 23.00 $ 33.00-| $ 90.00 $160.00 $300 .00 
Land and Building... .(5) 50.00 100.00 150.00 275.00 350.00 500 .00 
(4+5) Tota Cap. Cost 
BULlLDINGS =e.- (6) $67.50 .| $123.00 $183 .00 $365.00 $510.00 $800 .00 
(3+6) Granp ToTaL CaP. j 
CoOSt eee caer (7)| $242. 50 $423 .00 $658.00 | $1,490.00 | $2,410.00 | $4,450.00 | 
Capy Cost per Bad Pe=.=4 $194.00 $84.60 $65.80 $49.67 $48 .20 $44.50 | 
f ~ 
FIxED CHARGES. 
SOP a Pe St ee ee 
Bene POR SUNT Tete eras 14 5 10 30 50 100 
Int. on Capital Costs, 5%. $12.13 $21.15 $32 .90 $74.50 $120.50 | $222.50 
Dep. on Machinery, 6%... 10.50 18.00 28.50 67.50 114.00 219.00. 
Dep. on Building, 2% .... ieso 2.46 3266 if .30% 10.20 16.00 
Fire Ins. 1%, Taxes 14%; = 
PROGAIOS COE nee 6.06 LOeDOF 16.45 BY CAS 60.25 Talgl 25 
Repairs on Building, 2% . 1.00 2.00 3.00 Bye 530) 7.00 10.00 
ToTAL FIXED CHARGES $31.04 $54.16 $84.51,| $192-05 $311.95 $578.75 
Ami Ded tla SERPS ee vee Oe NI Ne eet ee 
WORKING EXPENSES.’ 
MAINTENANCE AND REPAIRS OF MACHINERY. 

Year of 3,000 Hours, 2%.. $ 3.50 $ 6.00 $ 9.50 $22.50 | $38 .00 $ 73.00 
Year of 6,600 Hours, 45, 7.00 12.00 19.00 45.00 76.00 146.00 
ATTENDANCE. 

Year of 3,000 Hours...... | $30.00 $ 60.00 $ 90.00 |. $120.00 | $140.00 $200.00 
Year of 6,600 Hours...... 60.00 120.00 180.00 * 240.00 280 .00 400.00 
Cubic Feet of Gas per B.H.P Hour, at 75 Cents per 1,000 C.F. 

(Gas 600 B.T.U. per C.F.) 

100%/| {26 c.f 24 c.f 23 Cate QNe£ 19 c.f 18 c.f 

b 95c 1.80c dy. one IE ISS) 1.48 ¢ brsoce 

Ave. load on En- 75%) {29 c.f. PHA at PRR (rae D3UCwe QIiAGEE. 20 c.f 
gine in % of \aroee DOB: 1.88 ¢. ly ee 1.58 ¢. 1b BOK 

rated capacity.. 50%| J 38 c.f 35°C. 30 c.f. 27 cf 25. cf. = 23% 
le22Soe 2.63 ¢ 225 'e. 2.03 ¢ 1.88 c dou 

TA Sek eS aa ae a ee 
Cost of Lubricating Oil, Waste and Sundries, per B.H.P. Hour. 

Nee Mtoad tod *Esis (2100%1 - s06-c. foe. 04. 04 c. .03 c. 03 c. 
gine in % Olu ZO 08 °c. .06 c. 04 c. 04 c. LOBac. :03 ¢. 
rated capacity.. 04 c. 


50% -09.c. 07 c. | .05 ¢. Oa tex 04 c. 
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GAS ENGINES (ILLUMINATING GAS)—Continued. * 

YEARLY Costs, ENGINE RuNNING 100% RatTeEp Capacity, 3,000 Hours PER YEAR. 
Beek POREONTE a eos - 14 5 10 30 50 100 
Fixed Charges -.. ..'- 3). ; $ 31.04 $ 54.16 $ 84.51 $192.05 $311.95 $578.75 
Maintenance and Repairs 

on Machinery: 0:21... BED) 6.00 9.50 22.50 38.00 73.00 
penne ee = SEA 30.00 60.00 90.00 120.00 140.00 200.00. 
EG PAN ye NG ak Reif ieee (31d 270.00 519.00 | 1,422.00 | 2,145.00-| 4,050.00 
Oil ANG SUNGTICS s.4 5 60 ee. 2225 250 12.00 - 36.00 45.00 90.00 
RMOPAE at cer $139.92 $397 .66 $715.01 | $1,792.55 | $2,679.95 | $4,991.75 
Cost per Year per B.H.P. 
of Average Demand...| $111.94 $79.53 $71.50 $59.75 $53.60 $49 .92 
Cost per B-H-P: Hour. /.|- 3.73:¢. 2.05) C. ESOL 1.99 c¢c 12479) Ch al 3 OGCe 
Cost per Year per B.H.P. 
of Ratéed-Capacity. =... $111.94 $79.53 $71.50 $59.75 $53 .60 $49 .92 

YEARLY Costs, EncInE Runninc 100% Ratep Capacity, 6,600 Hours PER YEAR. 
See 800 “~—- 
Fixed Charges.. $ 31.04 $ 54.16 $ 84.51 $192.05 $311.95 $578.75 
Maintenance and Repairs 

on Machinery. +>... ..)..% 7.00 12.00 19.00 45.00 76.00 146 .00 
sae ees Seer Reps 60.00 120.00 180 .00 240.00 280.00 400.00 
EAT ir oe aah eee 160.89 594.00 | 1,141.80 | 3,128.40 | 4,719.00 | 8,910.00 
Oil and Sundries......... 4.95 16.50 26.40 79.20 99.00 198.00 
AROmATAast $263 .88 $796.66 | $1,451.71 | $3,684.63 | $5,485.95 [$10,232.75 
Cost per Year per B.H.P. 
of Average Demand . $211.10 $159.33 $145.17 $122.82 $109.72 $102.33 
Gast ber BoP. Hours.22 23<20.¢ 2.41 c. 220"; 1.86 c. 1.66c. _| 1 PRE ONS:- 
Cost per Year per B.H.P. 
of Rated Capacity..... PAG iee le) $159 .33 $145.17 $122.82 $109.72, $102.33 
E _ YEARLY Costs, ENGINE RUNNING 75% RATED Capacity, 3,000 Hours PER YEAR. 
Babee ery UINT Deere sc. 3. 14 5 10 30 50 100 
Bixed. GhatgeSecms ste .tiad - $ 31.04 $ 54.16 $ 84.51 $192.05 $311.95 $578.75 
Maintenance and Repairs 
on Machineryare... 6... 3.90 6.00 9.50 22.50 38.00 73 .00 
pares Redeemed eect 30.00 6Q.00 90.00 120.00 140.00 200.00 
Ran Ea notre Sats oa 61.31 228.38 423.00 | 1,167.75 | 1,777.50 | 3,375.00 
Oil ANGE OUNOTICS a se aielse. « 2e20 6.75 9.00 27.00 33.75 67.50 
DRONA ones ner ecoeaitie aia $128.10 $355.29 $616.01. | $1,529.30 | $2,301.20 | $4,294.25 
Cost per Year per B.H.P. 
of Average Demand. $136.58 $94.74 $82.15 $67.97 | $61.36 $57 .25 
Cost per B.H.P. Hour....| 4.55 ¢. 3; 16.¢e 2.74¢ DALE 2.04 c. TOURS 
Cost Year per B.H.P. 
Oi Rated Tena $102.44 $71.06 $61.60 $50.98 $46 .02 | $42 .94 
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* GAS ENGINES (ILLUMINATING GAS)—Continued. 


Ly Costs, ENGINE RuNNING 75% RATED CAPACITY, 6,600 Hours PER YEAR. 


YEAR 
Fixed Charges.. Ay hoo OF $ 54.16 $ 84.51 $192 .05 $311.95 $578.75 
t d Re airs 
Mette se ee 7.00 12.00 19.00 45.00 76.00 146.00 
Atteridance sjns05 bees 60.00 120.00 180.00 240.00 280.00 400.00 
Gas ma: See ae 134.88 |.+ 502.43 930.60 | 2,569.05 | 3,910.50 | 7,425.00 
Oil and Sundries... ~ 4.95 14.85 19.80 59.40 74.25 148.50 
TOTAL 3s ee I Poot $703.44 | $1,233.91 | $3,105.50 | $4,652.70 | $8,698.25 


Cost Year per B.H.P. ‘ : 
Sot ren Yes per BLP $253 .73 $187.58 $164.52 $138.02 $124 .07 $115.98 


Cost per B.H.P. Hour....| 3.84c. 2.84 c¢. 2.49 c. 2.09'c: Soe. Liatd Oe 


Cost per Year per B.H.P. : 
of Rated Capacity..... $190.30 $140.67 $123 .39 $103 .52 $93 .05 $86 .98 


_ Yearzy Costs, EncInE Runninc 50% Ratep Capacity, 3,000 Hours PER YEAR. 


B HPS orUnrri. su: ies Se 10 30 50.2 24100 
Fixed Charges... $ 31.04 $ 54.16 $ 84.51 $192.05 $311.95 $578 .75 
Maintenance and Repairs ‘ : 
of Machinery... 2 ate 3.50 6.00 | O50 Lh = alas OO uy ees OO 73.00 
Pamenceaica ashe 30.00 60 .00 90.00 120.00 140 .00 200.00 
Cy AS eae rites a tie eat enahs te 53 .44 197.25 337.50 913.50 1,410.00 | 2,595.00 
Oil, Waste and Sundries. . 1.69 5.25 7.50 22.50 30.00 60.00 
PROMATEN Ree carmen se os $119.67 $322 .66 $529 .O1 $1,270.55 $1,929.95 | $3,506.75 


Cost per Year per B.H.P. 
of Average Demand. $191.47 $129.06 $105.80 $84.70 $77.20 $70.14 


Coste per B-H-P: Hours 5°)\>_ 6.38 ¢; 4.30 c. 3.53 Cy, 2,82 c: DROT Ce Hl OKC 


Cost per Jone (ere Jey jal Je. ; 
of Rated Capacity..... $95.74 $64.53 $52.90 $42.35 - $38.60 $35.07 


YEARLY Costs, ENGINE RUNNING 50% RaTEpD Capacity, 6,600 Hours PER YEAR. 


| 
Mixed Chargesic ec were «S| ead OF $ 54.16 $ 84.51 $192.05 $311.95 $578.75 


Maintenance and Repairs 

of Machinery.......... 7.00 12.00 19.00 45.00 76.00 146.00 
PAttendancemase aa scones: 60.00 120.00 180.00 240.00 280.00 400.00 
Gas ene Vane nes ae (56 433.95 742.50 | 2,009.70.} 3,102.00 | 5,709.00 
Oil, Waste, etc.. = tee Sexe lero 16.50 49.50 66.00 132.00 

RODALE REM EeeNt. Ceaes A el Oot $631.66 | $1,042.51 | $2,536.25 | $3,835.95 | $6,965.75 

Cost per Year per B.H.P. 

of Average Demand...| $350.90 $252 .66 $208 . 50 $169 .08 $153 .44 $139.32 
Costpems bbs Houte..| Osos C. a leirol. O0C. 32 16x; 2.56'c. Dro2ic: Poaa la iter. 


Cost per Year per B.H.P. 
of Rated Capacity..... $175.46 $126.33 $104.25 $84.54 $76.72 $69 .66 
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GAS ENGINES (ILLUMINATING GAS)—Continued. 


APPROXIMATE ALTERATION IN THE YEARLY COST PER AVERAGE B.H.P. DUE TO 
A CHANGE IN PRICE OF GAS OF 5 CENTS PER 1,000 C.F. 


Note 1.—To obtain cost per B.H.P. hour due to a change in the price of gas, correct the yearly 
average cost as necessary and divide by the number of working hours in the year. 


NoTE 2.—To obtain the yearly cost per B.H.P. of rated capacity due to a change in price, 
correct the yearly average cost as necessary, and multiply by the load factor that the plant is 
working on. : 


~ B.H.P. or Unit. LoapbD FAcTor. nee ek ar tc 
100% $3.90 $8.58 
Pe 75% 4.36 9.59 
£0% 5.70 12.54 
100% 3.60 7.92 
la tre Nietaes Mere yo 75% 4.05 8.91 
50% 5.25 11.55 
100% 3.45 7.59 
(Oe Roe ike? eck S., 75% 3.75 8.25 
50% 4.50 9.90 
100% 3.16 6.95 
Riera Ree Ren IN ON 75% 3.45 7.59 
50% 4.05 8.91 
i 100% 2.86 6.29 
COM eet hie RAR wet 75% 3.16 6.95 
50% 3.74 8.23 
: 100% 2.70 5.94 
LOOM ROG id, 755, 300 6.60 
50% 3.45 7.59 
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ESTIMATES SHOWING THE COSTS OF INSTALLING AND 
WORKING ENGINES USING NATURAL GAS. 


Nore 1. The estimates are not for engines of any particular make, 
but represent an average cost for engines suitable for 
manufacturing purposes. No spare plant has been — 
allowed. There is a considerable variation in the price 
of the smaller sized engines. 


9. Working costs are based on the assumption of fairly steady 
loads and intelligent supervision. If the load fluctuate, 
fuel consumption and costs will increase, even though the 
average load remain the same. 


3. For the purpose of estimate, natural gas of the heat value 
and price of gas now being sold in Hamilton and Western _ 
Ontario has been assumed. 
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APPROXIMATE ALTERATION IN THE YEARLY COST PER AVERAGE B.H.P. DUE TO 
A CHANGE IN PRICE OF GAS OF 1 CENT PER 1,000 C.F. 


NoTeE 1.—To obtain the cost per B.H.P. hour due to change in price, correct the yearly average 
cost as necessary, and decide by the number of working hours in the year. 


Norte 2.—To obtain the yearly cost per B.H.P. of rated capacity due to change in price, 
correct the yearly average cost as necessary, and multiply by the load. factor that the plant is 


working on. - ° 
Cer De Se SP a ee ee 
B.H.P. or UNIT. RATED CAPACITY. EE Or bore 

100% $0.48 $1.06 
11 Tee etn nepal Ae ddan 75% 54 1.19 
50% .60 L332 
100% (45. ».99 
bn Pear a Mer Rosen spe gay We Re Sgter 75% cot ies 
50% .60 eS 
100% 42 .92 
LO Sache ee raat cote oe, re ee | 75% 48 1.06 
| 50% 54 1.19 
f 100% 39 86 

SSX 0 erates Sprcrte tevin’ Jere. 19% 42 92 9 
L 50% on 1 ly 
( 100% .36 79 
Bi eicke ene testes sa en eee 75% .39 86 
\ 50% 48 1.06 
( 100% .33 73 
OO Maw ey hs Oo eae en tee eet 75% 36 79 
L 75% 42 92 
f 100% 38) 73 
200 Ip ene hte oakee a | 75% 36 79 
50% 42 92 
100% 333) 73 
Of 3 Wika terre oe rn cha 75% 36 79 
50% 42 92 


PART V. 


1. General Conclusions Regarding the Power Situation in 
Ontario. 
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PART V._ an 


GENERAL CONCLUSIONS REGARDING: THE POWER 
SITUATION IN See Se 


The crucial point in. he ESSE Gani of the conditions Fuel 


governing the economic generation of power in Ontario will always be 
the cost of fuel supply. 


supply. 


Excluding hydraulic power, coal is the only fuel likely to per- oar 


manently enable the power demands of a large. manufacturing com- 
munity to be satisfactorily met. Petroleum is not found in sufficiently 
large quantities to meet the demands of both light and power users, 
and in the competition for its use the light user, being able to pay 
more for it, will ultimately fix the price above that which the power 
user can economically pay. 


Where the local demand for natural gas for lighting and domes- 
tic purposes is insufficient to utilize the whole product of the wells, 
it may become of considerable value to the manufacturer for power 


purposes as natural gas cannot be stored and transported oe 
petroleum. 


Unfortunately there is no certainty that the supply of natural 
gas in any locality will be permanent, or evén sufficiently long con- 
tinued to make it advisable to put in a large plant which is solely 
dependent upon natural gas as its source of power, although, when 
close to the wells, this is probably the cheapest source of power that 
can be obtained. Plants using natural gas as a fuel under boilers and 
in gas engines are to-day in operation, but are so arranged that they 

can be worked with coal or producer gas whenever the wells show signs 
of becoming exhausted, and in considering natural gas as a source of 
power, this contingency should not be overlooked. 


Wood is becoming too expensive to be used to any appreciable 
extent as a fuel, more especially in the more settled portions of the 
province where power is most largely required. 

Up to the present, the absence of local sources of coal supply in 
the province has rendered the power user dependent on the coal fields 
of the United States for his fuel. The increased and increasing 
demand there for coal has reached a point where the question of the 
exhaustion of the present sources of supply of the better grades. of 
coal ig already a matter of some concern, and in conjunction with 


abet 


gas, 


Wood for 
fuel. 


Absence of 
local sources 
of coal 


supply. 


Water 
power. 


Hydro- 
electric 
power. 
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other factors, has enabled the coal owners to inerease prices until 
to-day the price of coal used, in one specific case in Toronto, is about 
45% higher than it was eleven years ago, and now stands at a price 
9% above the average price of the past eleven years, even including 
in this average the high prices obtained a few years ago during the 
coal famine. ’ 

No grounds can be seen for anticipating that this increase in 
the price of coal will not continue, and as the coal becomes dearer the 
producer gas plant will compete more and more successfully with the 
steam-driven plant, even in those industries that require steam for. 
heating. Were it not for the existence of large water powers in the 
province it might be confidently predicted that in the future the pro- 
ducer gas plant, as it developed and its reliability increased, would 
be as common in Ontario as the steam plant is to-day and the steam 
plant as rare as the gas plant. 

The water powers of the province, if properly conserved, are 
sufficient to supply the local power demands beyond any period in the 
future that can be intelligently anticipated at present, and are so 
distributed as to enable practically the whole province to obtain by 
electrical distribution the advantages of hydro-electric power with- 
out having to pay an excessive charge for its transmission. These 
water powers which are to-day valuable will become much more valu- 
able as the price of coal increases, and if controlled and developed so 
that hydro-electric power is sold at a price based on the cost of 
development and transmission, and not at a price based on the cost. 
of power generated by the next dearer means available, they will go 
far towards mitigating the effects of an increasing price of coal. 


Assuming that they will be so controlled, the conditions which make . 


it possible for the producer gas plant to displace the steam driven 
plant will also operate at least as strongly towards the displacement 
of the producer gas plant by hydro-electric power. An increase in 
the price of coal will make it relatively cheaper to produce power by 
means of a producer gas plant than by means of a steam plant, but 
it will make the power produced by either a steam or gas plant more 
expensive than it is now and consequently will increase the areas 
within which hydro-electric power will give a cheaper power service 
than power produced from coal used either in steam or producer 
gas plants. ca a 

As hydro-electric power can only be economically transmitted 
over large areas when considerable blocks of power are dealt with, it 
may be expected that the producer gas plant will in many. cases 
occupy a transitory position between steam and hydro-electric power, 
while the power demands of an area are reaching a size that will make 
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the transmission of the nearest hydro-electric power economically 
possible. In making any comparisons between the cost of hydro- 
electric power and power locally generated, the cost of a B.H.P. 
shown in these estimates should be increased about 15% in order to 
obtain the equivalent cost to the power user of an E.H.P. 
The figure thus obtained, as it includes an allowance for in- 
terest on capital and depreciation, will only hold good for compari- 
sons in the case of new power installations. In making comparisons 
with a view to arriving at the figure at which hydro-electric power 
will be able to compete with power from installations already in 
existence it is necessary to consider that fixed charges on account of 
capital have already been incurred and must be provided for, and 
the deciding point will be whether the cost of hydro-electric power 
will be less than present operating expenses. If it is not then the 
power consumer will probably wait until large alterations or a new 
plant are necessary before he will use hydro-electric power. Further- 
more, the figures in the estimates submitted for a basis of comparison 
are only average figures, and where the cost of transmitting hydro- 
electric power makes it equivalent to the cost of power as shown, it. 
will not displace all the power used in the area considered, but only 
in cases where the cost of the locally generated power is above the 
average. In such eases probably two-thirds to three-fourths of. the 
total power developed in any area will be costing more than the 
figures given in the estimates, as the power plants will include a num- 
ber which are obsolete or working under unfavorable conditions, 
whereas the estimates are for up-to-date plants working under favor- 
able conditions. When hydro-electric power can be sold at a price, 
say 10% below the operating expenses for locally generated power as 
calculated in this report, it may be expected that the hydro-electric 
power will displace practically all other power. 

: For installations using steam for heating or other purposes, 
hydro-electric power must be sold at a cost of 10% to 25% below 
the cost of steam power as shown in the tables according as_ the 
exhaust steam is used part of the year for heating or the whole year 
for manufacturing purposes. The exact calculation would be to add 
15% to the cost of a B.H.P. as shown in the estimates and deduct the 
cost that would be incurred in providing steam from a separate source 
for heating or manufacturing purposes. 

When it appears that the cost of power from any one source as 
compared with another will be approximately the same, the case must 
be dealt with on its merits as a specific proposition, mde the scope 
of this report, which is, and only can be, applicable to the general 
average cost of power produetion in the province. 
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Summary of The main results of this study of the conditions affecting or hkely 

conclusions. ° ; : ; 

nS. to affect the cost of generating power in Ontario may be shortly sum- 
marized as follows :— | | Ate, 

1. Users of small amounts of power will be best served by electric 
power where it can be obtained at a price per Ee Penot exceeding 
by more than 15% to 25% the cost per B.H.P. of power developed 
by gas, gasoline or oil engines. If electric power is not obtainable’ 
their wants will be most satisfactorily met by means of a small gas, 
gasoline or oil engine. ; 

2. Users of large amounts of power where the load fluctuates will 
be justified in paying for electric power 30% more than the cost 
per B.H.P. if obtained from one of the prime movers shown in the 
estimates. If they cannot get electric power, steam power will give — 
them the most satisfactory service. 

3. Power users who require steam for heating purposes will only 
be justified in paying for electric power per E.H.P. a price equivalent 
to 80% to 85% of the cost of steam power per B.H.P., as shown in: 
these estimates. If it cannot be obtained for this they will be best 
served by a steam engine. 2 

4. Where the cost of producer gas power per B.H.P. does not 
work out 15% below the cost of hydro-electric power per E.H.P., ib 
will be advisable to use hydro-electric power. Producer gas plants at 
present are only advisable for those power users having a fairly: 
steady load and who require fairly large quantities of power, or who 
use gas for other purposes, such as annealing, brazing, or who may. 
anticipate trouble from smoke nuisance by-laws. In the future the 
inereasing price of coal in Ontario will probably allow producer gas 
plants to successfully compete with steam plants, even in those cases. 
where the exhaust steam could have been used for heating and manu-, 
facturing purposes. This increase in the price of coal will also, how- 
ever, extend the areas over which hydro-electric power can be profit- 
ably distributed, and the producer gas plant will probably only. 
oceupy an intermediary position in the displacement of steam by 
hydro-electric power. < : 

5. Natural gas in some parts of the provinee, may, for a time, 

enable power to be produced cheaper than from any other source. The 
lack of permanence of the natural gas supply will not, however, jus- 
tify a power user in sinking any considerable capital in a power plant 
to use natural gas unless when the supply is exhausted he can continue 
to produce power with producer gas cheaper than by any other means. 
6. The value of the water powers of the province to the province 
as a whole depends on their conservation and development along lines 
which will require the selling price of. hydro-electric power to be 
based on the cost of its development and transmission and not on the 
cost of generating power by some other agency to compete with it. 
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APPENDIX I. 
REPORT OF MR. STOCKING. | 


Toronto, Feb. 3rd, 1908. 


Pew. Soruman, Esq.,_ 
Chief Engineer of Hydro-Electric Power Commission, 


DEAR SIR :— 


I submit herewith a report on gas producer plants, as I found 
them in ———————._ Included in this report are estimates of costs 
of power for the different plants visited. In many cases the informa- 
tion obtained was not sufficient to make a complete estimate of costs, 
but where such information was lacking, values were taken which 
would be the most favorable to the cheap working of the plant. There - 
is no doubt in my mind that the real costs per H.P. hour would exceed 
in almost every ease the results obtained in these estimates. ; 

In this report letters have been substituted for the firms’ names, 
as follows :— 


(A) Messrs— —_-—. Plant abandoned. 
(B) Messrs. —— Plant abandoned. 
(C) Messrs—————. Plant abandoned. 
(D) Messrs.————_——._ Plant abandoned. 


(H) Messrs. 
(F) Messrs. 
(G) Messrs ———————._ Interested in gas plants. 
(7) Messrs. ——. Interested in gas plants. . 


The two latter. firms deal in gas engines and their figures are 
interesting on this account. (G) Messrs. ——————— (gas plant) is 
especially interesting, as the plant was exhibited as being a very 
cheap and reliable source of power. (See Table on page 38a.) 


Yours very truly, 
(Sed. ) F. T. STOcKING, 
Asst. Engineer. 
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GAS PRODUCER PLANTS. 


In securing information regarding gas producer plants, one 
thing is very noticeable, viz., that the maximum load developed is 
almost invariably taken as the average running load, and in many 
cases, the idea of the owners as to the maximum load really carried 
is very vague. They usually consider that the engine is developing 
very nearly its full rated power, and take this as the average load on 
the engine. Such a load, of course, excepting in very special cases, 
is impossible to obtain. , 

In the following lists of costs the information furnished by the 
owners was taken as being correct, excepting in a few instances where 
their estimate of the load carried could be plainly shown as being 
incorrect. In such cases, the information obtained was checked over 
carefully and the greatest possible value for the load, consistent with 
the facts, was taken. 

As a consequence, the costs per H.P. given are misleading in 
nearly every example, as the high load factor taken renders the 
majority of these costs too low. 

A marked lack of careful accounting prevails with the greater 
number of companies. Coal and attendance costs are usually kept, 
but, as these two items combined are usually less than one-half the 
total cost, a proper conception of this total cost cannot be obtained 
from them. : 

(C) was the only place visited where a careful account was 
kept of all items. The only item in the account which was not given 
was the actual cost of gas plant installed. The figures of the com- 
pany included the cost of generators. A very liberal amount, how- 
ever, was deducted for these generators with results as shown. In- 
formation from other companies, while accurate in the main, was 
lacking in a number of items, which would go to make up the costs, 
and this, no doubt, has led to the impression by some users that gas 
plants are an exceptionally cheap source of power. All the plants ° 
visited have had instances of failure of power due to ignition, or other 
causes, and it is almost universally admitted that producer engines 
are not wholly reliable. 

* * * * ; * * * 


(Table of statistics included in Table on page 38a.) 


PERFORMANCE OF INDIVIDUAL PLANTS. 


(A) Installed in 1907 under certain guarantees of working, which 
it failed to perform. Great trouble was experienced in generating 


“ 
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the gas. Pea anthracite coal was purchased from a number of dif- 
ferent dealers, hoping to find a quality of coal suitable for the pro- 
ducer, but all to no purpose. The producer was of English make 
and it was thought that its failure to work properly was due to poor 
quality of American coal. No coal, however carefully selected, was 
found which would produce gas in sufficient quantities. After 
three months’ careful effort and considerable expense, this 
plant was abandoned. It is very uncertain what load was carried 
by this plant. The figures were given by the owner, but it is probable 
that the average load was much below that given. 


(B) Plant installed in 1905 and run for two years. Yearly 
costs, exclusive of capital costs, for this plant were kept with a fair 
amount of care and the total operating costs were obtained. The 
only separate item, however, which could be secured was the cost of 
attendance. The total yearly cost as given is considered to be reason- 
ably correct, which leaves the load factor as the only uncertain ele- 
ment in the estimate. The owner claimed that the engine was carry- 
ing full load. At times this was no doubt correct, but a factory load 
having an average load factor for the whole year of even 80 per cent. 
is something almost unheard of. However, to be fair, the high load 
factor has been taken. At the end of two years, the load became too 
heavy for the plant, which was consequently abandoned. The Owner 
claimed that there was insufficient space to install a larger plant, 
hence, electric power was substituted. If the plant had been a suc- 
cess, it is reasonable to suppose that an electric motor just large 
enough to carry the overload would have been used. 


(C) As previously stated, an account was kept of all items of 
cost for this plant, and the information, therefore, is the most accur- 
ate of any in the list. ; . 

The plant was installed in 1906 and ran eleven months. During 
all this time it proved very unsatisfactory. Trouble was experienced 
in producing the proper gas in sufficient quantities. The plant con- 
sisted of two engines with a total capacity of 86 H.P., supplied by a 
producer of 100 rated H.P. One engine would run comparatively 
well, but when the second was started, the producer would frequently 
fail to develop sufficient gas. Great trouble was also experienced 
from overheating of engine bearings and stops occurred from this 
cause. The plant was placed in the basement with insufficient venti- 
lation, and a number of cases of carbon monoxide poisoning resulted. 
The engines were direct connected to generators supplying electric 
power for wood-working machinery and for lighting the building. 
Considerable annoyance was experienced from the lights burning 
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dim when a heavier load came on the engine, causing them to slow 
down. After eleven months, during which time no expense was spared to 
make the plant a success, it was abandoned and electric power sub- 
stituted. . 


(D) This plant was not put in the list, as its operation was So 
unsuccessful as to render it impossible to form an idea as to costs. 
This plant was erected in 1907 and experimented with about three 
months by the people installing same. According to the statement of © 
the owner of the factory, this plant never operated, even under hght 
load, for five consecutive hours. The greatest trouble appeared to 
be with the producer failing to work properly, it being apparently 
impossible to carry a load on the engine owing to lack of gas. Con- 
siderable trouble was also experienced from vibration and noise, due 
to the exhaust. This was so great that neighbors took legal steps to 
have the nuisance abated. The experiments finally culminated in a 
muffler exploding with considerable violence, thereby endangering 
the lives of those in the vicinity. 


(EZ) This is an example of a producer plant apparently giving 
satisfaction. Few failures have occured arid the costs are apparently 
moderate. In making up the costs, however, it could not be definitely — 
determined what load the plant was carrying, hence, a value had to — 
be assumed, and, as usual, the greatest value consistent with facts © 
was taken. It is therefore more than possible that the values of 
eosts here given are-too low. . Re 


(F) This is another example of a gas engine giving satisfaction. 
The owners have made a careful study of gas producer plants, and 
their marked success is no doubt due to this fact. They have had 
their producer built according to thelr own design and under their 
own supervision, and this has brought the cost to a minimum for this 
part of the equipment, as the time spent by themselves in designing 
and supervising has not been charged. A very high load factor has 
also been taken for the plant. | 


(G) This plant is chiefly interesting as it is a plant owned by a. 
firm interested in the gas producer business. They exhibit this plant 
as an example of reliability and economy, but admit that failures 
have occured through improper ignition. To secure the results. 
obtained, they have found it advisable to use a special grade of coal 
and pay 11 per cent. more for it than the usual run of pea anthracite. 


(H) This plant is also owned by people interested in the busi- 
ness. The plant was not visited, but the exact figures supplied by — 
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the owners have been used in making up the estimate. The only items 
which could not be secured are the cost of the plant and the amount 
of water used. It will be seen, however, that low values have been 
taken for both these items. Stops averaging 15 minutes each time 
are said to occur about once a week. In this case the fuel used is 
coke, and it is said to give very good satisfaction. 


SUMMARY. 


The system of accounting as employed by small users. of power 


has no doubt led to the impression that the gas producer engine is 


| 


about to become the chief means of securing power in progressive 
manufacturing establishments. Costs of attendance and fuel are 
considered to be the only factors worthy of consideration when com- 
paring the economic value of different prime movers. The charges 
against capital, repairs, failures of power and numerous minor ex- 
penses are usually placed in the background or entirely overlooked. 
The question of load factor is also little understood by the average 
power user. Costs are usually based on the full load conditions, 
which, in. the ordinary factory, obtain for only a short time, while 
for the remainder of the day a very much smaller load is being ear- 
ried. In the majority of cases, the average day load throughout the 
year is less than half of the maximum for that year. The overload 
capacity of the average gas engine is almost nothing. In buying an en- 
gine, some margin must of necessity be left for unusually busy days, 
for a poorer grade of coal than the ordinary and for at least some 
slight addition to the load in the future, hence, the gas engine in the 
ordinary factory is compelled to carry an average load of less than 
one-half its rated capacity. (This statement would be considered 
erroneous by the majority of people, but it is nevertheless true.) 
There are some special cases where the load can be maintained 
almost constant for the-whole year, but these are very exceptional. 
It follows, therefore, that the average gas power user is paying for 
his power just double what he considers to be the case. This neglect 
of considering the effect of load factor on the costs has led, more than 
anything else, to an optimistic view of the gas producer question. 
Another erroneous impression which the public appears to hold 
is that a small gas producer (since it requires no smoke stack) may 
be placed in almost any part of a building without bad results. In 
reality, the location for a producer plant should be selected with even 
ereater care than for a steam engine, as the question of ventilation 
is of great importance. The exhaust is more troublesome than 
that from a steam engine, owing to the quantity of gas emitted and 
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the noise. The gas plant is admitted to be less reliable, so far as 
continuity of service is concerned, than the steam engine. 

A small gas plant, however, has the advantages over steam, in 
so far that no black smoke is emitted, costs for fuel and attendance 
are less, and also the total yearly costs, and the plant may be started, 
everything being cold, more quickly than the steam plant. 

The gas plant may be used to good advantage where continuity 
of service is not of prime importance and where electric power can- 
not be obtained or where the cost of such power is excessive. The 
costs of producer power are much greater than usually given. These 
costs are usually based on a test carefully made under full load con- 
ditions. Figures received from the users of producer power usually 


omit fixed and other important charges, and are almost invariably ~ 


based on the assumption that the average yearly load is approxi- 


mately equal to the maximum load carried. : 
. (Sed!) Ras. 
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APPENDIX II. 
REPORT OF MR. STERN. 


, Toronto, February, 1908. 
P. W. SorHman, Esq., 


Chief Engineer, Hydro-Electric Power Commission, Toronto: 


DEAR SIR :— 


I beg to submit, herewith, report on 24 gas producer plants, 
inspected by me in the Eastern States, in accordance with your order. 

This report in general has been largely influenced by the present 
- financial stringency, which has resulted in a general industrial break- 
down. 
According to the information received, many plants only 
carried a small percentage of their rated capacity, owing to the fact 
that large portions of the works were closed down. Other factories 
have only worked part of the time,-thus reducing the output. How- 
ever, in every case, I have endeavored to get the figures approxi- 
mating ordinary conditions. All the plants inspected were in large 
~eities, and I found that 12 out of 23 had auxiliary city gas installed, 
ees for small units. 

Below, I beg to: make the following rerarls with reference to 
the individual plants :— 


1. This is a plant where a selling concern has used the custo- 
mer for the purposes of experiment. The plant was installed two 
years ago for generating electricity, but has never given satisfaction, 
and has been out of use for the last six months, owing to the fact 
that the Electric Light Co. of the city reduced their rate from eight 
eents to four and one-half cents per K.W. Frequent breakdowns 
and interruptions in the service have -been the main cause for its 
abandonment. 


2. A very complete suction plant giving reliable service. A 
large portion of the producer gas is used successfully for soldering 
furnaces, and heating a lime kettle. This plant has been in opera- 
tion for nine months, for power and lighting, and is highly recom- 
mended by the user. 

5. Pressure producer, driving gas engine for electric power 


and light in dye works in ——————. This plant has been in use 
for four and a half years, the larger engine beimg installed two 


98 Hydro-Electric Power Commission. 


years ago, the old engine being used as a standby. Producer gas 1s 
also used for 250 ironing stoves. This plant gives reliable service. 


6. A pressure producer gas plant for power and electric lght- 
ing. The plant, which was installed in the basement of the building, 
has been in use for one year, and gives reliable service. There is 
complaint about the odor of gas in the building, due to the pressure 
type of plant. 3 ings 


7. A new planf, installed in a chemical works for an electrolytic 
process, of two engines directly connected to electric generators which 
run practically the whole year round, with a perfectly stead load. 
This plant is not in continuous use at the present time, owing to the 
lack of work. | 


8 This installation is used for electric power and heating in a 
sheet metal works in the City of ——————. It has been in success- 
ful’ operation for fifteen months. Electric drive is used throughout 
the factory. Fifty soldering furnaces, two large zine smelting fur- 
naces and one annealing oven are heated by producer gas. City gas 
was formerly used for heating, amounting to a total cost of over $100 
per month. 


9. Two gas engines driving one line shaft for power and light. 
Two steam engines take the balance of the load; the gas plant is in 
steady use and steam engines are used for the overload only. ' The 
plant has been in use for three years, and is giving reliable service. 
This plant is also installed in a dark and inferior position in the 
basement. 


10. Small suction producer plant installed in a dark, close base- 
ment, working under most unfavorable conditions, with the smallest. 
amount of attendance and apparently neglected. The plant is not 
absolutely reliable, but is still eiving satisfaction to the owner. It 
has been in operation for a year and a half, and is used for power 
only. 

11. One thousand horse power pressure producer, largely used 
tor making water gas for nineteen forge fires. Producer gas is 
a by-product used for gas engines, generating electric power and 
light, giving reliable service and has been in use for three years. 


12. This is a suction gas producer plant for electric power and 
light, installed in the basement of a factory building near New York. 
It has been in use for one year, giving reliable service, and 
seems to be a model plant, giving every satisfaction. A small amount 
of gas is used for fuel. } 
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13. A suction-pressure gas plant, for electric power and light, 
installed in a machine shop near New York City. It has been in use 
for sixteen months, giving reliable service, and is a model plant. | 


14. A pressure producer plant for electric power and light, for 
tube work, near ———————. It has been in use four and a half 
years, and gives reliable service. The plant is being changed at 
present from pressure to suction system, and a new producer is being 
installed, the old producer will be used for making fuel gas. 


. 15: This is a new installation which has been in service for only 
four months, and has given satisfaction since starting. It is used 
for power and electric light in a chocolate factory near New York. 
Reliable service and low attendance are its main features. City gas 
was formerly the motive power. ‘The gas producer has been installed 
in the yard and is without building. The engine is in an inferior 
loeation in the basement. 


16. This is one of the oldest plants on the continent, having eight 
engines of various capacities and make, supplied by two large pres- 
sure gas producers. The plant is used principally for lighting a 
terminal railway station and for driving air and Pintseh gas com- 
pressors. In this case the fullest reliability is necessary, still there 
are no spare engines, the plant being worked at full capacity during 
the night. The plant, which has been in operation for nine years, 
was enlarged about two years ago, and, although it is not up-to-date, 
and has no auxiliary available, shut-downs seem to be an unknown 
quantity. 


17. This plant is another failure. A concern which was well 
known for building city gas, natural gas and gasoline engines, used 
this manufacturer, two years ago, for their first experiment with a 
suction gas plant. The plant was a total failure and was taken out 
after three months’ experimenting. No expense resulted to the party 
for whom the plant was installed. 


. 18. Incompetent men advised and installed a suction gas plant, 
without any experience in the business. Naturally, the plant was a 
total failure and was taken out without ever having done any service. 


19. A gasoline engine about. twelve years .old. This engine has 
been used with city gas for the last year, but within the last three 
weeks, it has been connected with a suction gas producer. The atten- 
dants have not become accustomed to the new arrangement, and the 
engine is not as yet properly adjusted for the new system, so that 
stoppages are quite frequent. The user who supplies his own ma- 
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chine shop and a five story factory building with electric power and 

light, has full confidence in its final success. The figures given in 
the table show plainly that conditions are not, at present, satisfae- 
tory, and they cannot be considered as definite. 


20. This is a pressure producer installed in a large machine shop 
of gas engine builders. Gas is used for power, annealing ovens, sol- 
dering torches and testing gas engines. Engines have been in use one 
year and a half for electric power and lighting. 


23. This is a very delicate plant to handle, The producer is 
not reliable, ‘and city gas has frequently to be used for a short period, 
while new gas is being made in the producer. The producer manu- 
facturer is experimenting. The owner has confidence in its final 
success. 


24. A well installed and operated suction producer plant driving 
a machine shop.. The plant gives reliable service, and is highly 
recommended by the user. It has been in operation for two years 
forca power and lighting service. City gas used for twenty minutes 
every morning to blow up the fire in the producer. 


25. This suction gas plant has been in operation for ae months 
and is used for supplying power to an air compressor and a small 
electric generator, which are belt driven. There has been no inter- 
ruption in the service and it is giving the user full satisfaction. The 
plant is used twenty-four hours per day for about six months in the 
year. There are two producers installed, one acting as a standby. 


26. A well installed and carefully operated suction producer — 
plant, operating belt-driven air compressors and electric generator. 
The service has been reliable. One of the three engines and one pro- 
ducer are held in reserve. | | | 


27. A new suction producer and engine direct-connected to 125 
K.W. generator, installed to operate in conjunction with steam elec- 
tric plant previously in operation. It would seem that this plant has — 
not been properly installed and that the attendants have not yet 
become accustomed to the new system, and as a result, frequent stop- 
pages and delay are the consequences. In this case, as in most similar 
ones, the user is confident of the ultimate success of the plant. 


98. The first engines of this plant were installed to work with 
illuminating gas. About two years ago, two pressure producers were 
connected to the same and the capacity was increased by the addition 
of a 250 H.P. engine, direct-connected to electric generator. The 
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number of units installed permits of great flexibility in operation and 
consequently the service has been practically continuous. This plant 
‘operates in conjunction with a steam-driven electric plant. 


~~ SUMMARY. 


In obtaining information the principal object was to find out 
what the users of producer plants are really doing, and also to allow 
the public to pass its own judgment on this question, enabling them 
to make proper comparisons between the figures offered by gas pro- 
ducer plant manufacturers and those offered by concerns supplying 
power by other means. | 

Up to the present time it is impossible to pass a final opinion 
regarding producer gas, gas producers and producer gas engines. 
Producer gas cannot be declared a complete success because many 
plants do not give satisfaction and are unreliable and expensive to 
operate, on account of high oil and water consumption, high wages, 
repairs, and eapital cost. But producer gas cannot be considered a 
total failure because many plants have been in successful operation 
for years, they are absolutely reliable, the attendance, repair, fuel, 
water and oil consumption being low. 

The reason for the partial or total failure of producer gas plants 
will always be found due to a lack of knowledge and experience. 
This lack of knowledge and experience may generally be ascribed to 
ignorance in the design, building, installation and operation. None 
of these instances have come down to a standard in Canada and the 
United States, and ignorance of one of these four points, is sufficient, 
of course, to make a gas producer plant a failure. In most cases 
where plants have been bought of and installed by a reliable concern, 
they will work satisfactorily providing that an intelligent and re- 
liable man is in charge of same. This last point is essential to the 
success of a producer gas plant. 

It is generally claimed by the manufacturer of gas producer 
plants and engines that no mechanic or licensed engineer is required 
to run the same. This is true to a certain extent, and I have found 
in several cases a plant in successful operation being run by a man 
who had no mechanical knowledge whatever. In one case a Man was 
found in charge of the heating, boiler, gas and electric plant, who 
had changed from a horse driver to an engine driver over night. The 
manager of the factory stated that this man replaced a licensed steam 
engineer, who was not able to manage this plant at all, and in con- 
sequence of the change, the fuel consumption had been reduced from 


\ 
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six tons a week to three tons a week, for the reason that the steam 
engineer used to draw the fire as in a boiler, thus wasting half of the 
fuel. The fact that this firm had a licensed engineer, who was a high 
salaried man, shows that this change was not due to any financial 
consideration, it simply shows that the right class of men are not 
generally available to run gas producer plants. 

General experience goes to show that in most cases a green man 
does better work than an old steam engineer. 

In many cases manufacturers have abused their customers by 
doing the experimenting for them at the customer’s expense. This 
hag certainly done harm, not only to the experimenting party, but to 
the whole trade. In other cases it is impossible to do all the. experi- 
menting at home, for instance, if a Steel Company orders a 2,000 
H.P. engine for blast furnace gas, it is impossible to try it in the 
shop, and the manufacturer should not be blamed if it takes some 
time to get the engine into proper shape. 

Generally speaking, producer gas 1s being introduced slowly 
but steadily. Like every new thing, it requires time for development, 
and we may trust that it will shortly be allowed to take its part in 
Canada’s power generation as it already does in England and other 
European countries, helping to increase the industry and manufac- 
turing capacity of our country. 

In conclusion, I take this opportunity to thank all the gentlemen 
who have so freely given information, and who were material in mak- 
ing this report complete. 

Yours truly, 


(Sed.) Emin. STERN. 
Asst. Engineer. 
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